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ABSTRACT 

The present invention provides a novel gene, designated 
herein as “NPC1L1, that is associated with lipid or glucose 
metabolism. The invention further provides the use of the 
NPC1L1 gene and its corresponding protein to diagnose a 
lipid condition in a cell or tissue and to screen for novel 
therapeutic compounds useful for treating lipid disorders and 
other NPC1L1-associated or mediated diseases or disorders. 
The invention further provides specific inhibitors of NPC1L1. 
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FIGURE 1D 
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FIGURE 2A 
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FIGURE 6A 

FIGURE 6B 
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FIGURE 7A 

FIGURE 7B 
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FIGURE 8 

NPC1L1. Inhibitor analysis 
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FIGURE 9A 
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FIGURE 10 

Glucose Tolerance Test (Reg. Chow) 
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FIGURE 11A 

Glucose Tolerance Test (High fat) 
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FIGURE 11B 
Glucose Tolerance Test for mice fed 

high fat diet for 262 days 
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FIGURE 12A 

Insulin Tolerance Test in mice fed a high Fat 
diet for 105 days 

250 

200 

150 
-0- Wt. 

100 -- (-/-) 

SO 

O 15 30 45 60 75 90 

Time (min) 

FIGURE 12B 

Insulin Tolerance Test in mice fed a high fat 
for 252 days 
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FIGURE 13A 

Insulin Measurements in Mice fed a 
high fat diet for 72 days 
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FIGURE 13B 

Insulin Measurements in Mice 
on high fat diet for 220 days 
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FIGURE 14A 

Wildtype and NPC1L1-deficient mice fed High Fat diet for 120 days 
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FIGURE 14B 
Wildtype and NPC1L1-deficient mice fed High Fat diet for 268 days 
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FIGURE 15 
NPC1L1/B-Actin Expression in Mouse 

tissues 
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NPC1L1/f-Actin Expression in Mouse 
tissues 

50 

45 

40 

35 

30 

25 

20 

1S 

10 

WAT IBAT 

  



Patent Application Publication Feb. 5, 2009 Sheet 19 of 20 US 2009/0035784 A1 

FIGURE 17 

NPC1L1/B-Actin Expression in 
Human Tissues 
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NPC1L1 AND NPC1L1 INHIBITORS AND 
METHODS OF USE THEREOF 

RELATED APPLICATIONS 

0001. The present application claims priority to provi 
sional application Ser. No. 60/592,592, filed on Jul. 30, 2004, 
the contents of which are expressly incorporated by reference 
herein. 

FIELD OF INVENTION 

0002 The present invention relates to the identification of 
a Niemann-Pick C1 Like 1 (NPC1L1) gene. The present 
invention further includes NPC1L1 nucleic acids and 
polypeptides, as well as transgenic animals with disrupted 
NPC1L1 function. In addition, the present invention relates to 
methods of use for NPC1L1 molecules, including drug 
screening, diagnostics, and treatment of disorders relating to 
aberrant lipid and glucose metabolism. 

BACKGROUND OF THE INVENTION 

Lipid Metabolism and Hyperlipidemia 
0003 Diets high in lipids, such as fat and cholesterol, are 
important factors in the development of many human dis 
eases, including obesity, diabetes mellitus, atherosclerosis, 
and coronary artery disease. In addition, aberrant regulation 
of lipids can contribute to many other conditions, such as 
arthritis, cancer, hypertension, and vascular disorders. Modu 
lating the biochemical and molecular mechanisms of lipid 
metabolism is therefore a crucial goal of contemporary 
research and medicine. 
0004. The control of lipid metabolism is highly complex, 
reflecting a delicate balance between the processes of inges 
tion, synthesis, and mobilization. The mechanisms underly 
ing cholesterol control, for example, include absorption of 
dietary cholesterol in the intestine; de novo production of 
cholesterol in the liver; secretion of cholesterol into the blood 
and lymph via lipoprotein carriers, and transport of choles 
terol-lipoproteins from the serum to target tissues for use and 
elimination. Each of these steps represents a potential point 
for regulation as well as potential target for medical interven 
tion. 
0005. In addition, chemical modifications of lipids play a 
key role in regulating metabolism. One key step is the addi 
tion of estergroups to cholesterol in the endoplasm reticulum, 
a modification that renders cholesterol more hydrophobic and 
competent for assembly into lipoprotein complexes. Lipopro 
tein complexes are essential for the transport of lipids to 
tissues; free lipids are virtually undetectable in the blood. 
There are least five distinct families of lipoproteins, each 
distinguished by their density as well as functional role in 
lipid metabolism. 
0006 Cholesterol esters are not just critical in intestinal 
absorption of cholesterol and its Subsequent deposition into 
lipoprotein carriers. They are also the major component of 
atherosclerotic plaques, which underlie vascular disorders 
Such as coronary artery disease—the leading cause of deathin 
industrialized nations. Accordingly, the aberrant regulation of 
cholesterol metabolism can lead to elevated levels of serum 
cholesterol and promote cardiovascular disease. 
0007 While the pathways underlying de novo synthesis 
and breakdown of cholesterol are well understood, the spe 
cific mechanisms that mediate cholesterol transport across 
the intestinal epithelium remains unclear. Finding new ways 
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to block the absorption of cholesterol may lower serum cho 
lesterol and have significant clinical implications for condi 
tions such as diet-induced obesity, diabetes, and cardiovas 
cular disease. There is a need in the art for further 
investigations of lipid metabolism, especially with respect to 
cholesterol absorption. 

Niemann Pick C1 

0008. The human Niemann-Pick C1 gene (NPC1) 
encodes a transmembrane transporter that is defective in the 
rare cholesterol storage disease, Niemann-Pick C1. NPC1 
localizes to late endosomes and plays a pivotal role in intra 
cellular transport of cholesterol and other lipids. Cells lacking 
NPC1 have a number of distinct trafficking defects: (i) unes 
terified cholesterol derived from low-density lipoproteins 
(LDLs) accumulates in lysosomes; (ii) cholesterol accumu 
lates in the trans-golgi network; and (iii) cholesterol transport 
to and from the plasma membrane is delayed. 
0009. The present invention provides a novel Niemann 
Pick C1 Like 1 (NPC1L1) gene that is also involved in lipid 
metabolism. 

SUMMARY OF THE INVENTION 

0010. The present invention provides an isolated nucleic 
acid that comprises a nucleotide sequence encoding a non 
human NPC1L1 polypeptide, and fragments thereof. In one 
embodiment, the isolated genomic nucleic acid comprises a 
nucleotide sequence set forth SEQID NO:1. 
0011. In another embodiment, the nucleic acid comprises 
a nucleotide sequence set forth SEQID NO:2. 
0012. The present invention provides an isolated NPC1L1 
nucleic acid which encodes a polypeptide having an amino 
acid sequence set forth in SEQID NO:3. 
(0013 The present invention also provides NPC1L1 
polypeptides encoded by the NPC1L1 nucleic acid sequences 
described above. In one embodiment, the NPC1L1 polypep 
tide is a non-human NPC1L1 polypeptide. In a specific 
embodiment, embodiment, the NPC1L1 polypeptide has the 
amino acid sequence set forth in SEQID NO: 3. 
0014. In addition, the present invention encompasses iso 
lated nucleic acids with mutations in NPC1L1 coding 
sequences, and which encode NPC1L1 polypeptides having 
altered amino acid sequences. 
0015 The invention also provides recombinant vectors 
and host cells comprising the NPC1L1 nucleic acid mol 
ecules, as well as methods for producing an NPC1L1 
polypeptide using Such host cells. In one embodiment, the 
host cells are bacterial or eukaryotic cells engineered for 
Studies of NPC1L1 function. 
0016. The invention further provides non-human trans 
genic animals comprising Such a recombinant vector. In one 
embodiment, the animal is a mouse. 
0017. The invention also provides an oligonucleotide, 
Such as a primer or probe, wherein the oligonucleotide has a 
sequence identical to a contiguous nucleotide sequence in the 
NPC1L1 nucleotide sequence, e.g., SEQID NO:2. The oli 
gonucletide has a length at least 10 bases, preferably at least 
20 bases, and more preferably at least 30 bases. 
0018. The invention further provides antibodies that bind 
specifically to an NPC1L1 protein having an amino acid 
sequence shown in SEQID NO:3, or fragments thereof. 
0019. The present invention includes methods of screen 
ing to identify an antagonist or agonist of a NPC1L1 nucleic 
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acid or polypeptide. Such agonists/antagonists are thus des 
ignated candidate compounds for the treatment (e.g., thera 
peutic and prophylactic) of NPC1L1-mediated disorders, 
Such as hyperlipidemia, and other diseases and disorders 
associated with or mediated by NPC1L1, including, but not 
limited to, body weight disorders such as obesity, diabetes, 
e.g., type II diabetes, cardiovascular disease, including, for 
example, ischemia, congestive heart failure, and atheroscle 
rosis, and stroke. NPC1L1-mediated disorders include those 
disorders which are mediated by the expression or activity of 
NPC1L1, including plasma membrane uptake and transport 
of various lipids, including cholesterol and sphingolipids. 
0020. In one embodiment, the NPC1L1 antagonist is 
selected from the group consisting of a small molecule, an 
anti-NPC1L1 antibody, an NPC1L1 antisense nucleic acid, 
an NPC1L1 ribozyme, an NPC1L1 triple-helix, or an 
NPC1L1 inhibitory RNA. In another embodiment, the 
NPC1L1 antagonist inhibits transcription of NPC1L1 by tar 
geting an NPC1L1 promoter transcription factor. In this 
embodiment the specific agonist orantagonist is identified by 
its ability to downregulate the expression of a reporter gene 
(such as luciferase or green fluorescence protein) driven by 
the promoter for NPC1L1. In another embodiment, the 
inhibitor is selected from the group consisting on: 4-phenyl 
4-piperidinecarbonitrile hydrochloride, 1-butyl-N-(2,6-dim 
ethylphenyl)-2 piperidinecarboxamide, 1-(1-naphthylm 
ethyl)piperazine, 3 {1-(2-methylphenyl)aminoethylidene 
2.4(3H, 5H)-thiophenedione, 3 (1-(2-hydroxyphenyl) 
aminoethylidene}-2.4(3H, 5H)-thiophenedione, 2-acetyl-3- 
(2-methylphenyl)amino-2-cyclopenten-1-one, 3-(4- 
methoxyphenyl)amino-2-methyl-2-cyclopenten-1-one, 
3-(2-methoxyphenyl)amino-2-methyl-2-cyclopenten-1- 
one, and N-(4-acetylphenyl)-2-thiophenecarboxamide. 
0021. The invention further provides a mammal, prefer 
ably a mouse, comprising a homozygous or heterozygous 
disruption of endogenous NPC1L1, wherein the mouse pro 
duces less functional NPC1L1 polypeptide or does not pro 
duce any functional NPC1L1 polypeptide. 
0022. The invention further describes transgenic mammal, 
preferably a mouse, in which the mouse NPC1L1 genomic 
gene or cDNA is into the mouse genome in multiple copies, 
which is a model for hyperlipidemia. In one embodiment, the 
hyperlipidemia is hypercholesterolemia. 
0023 The present invention also provides a method of 
inhibiting the cellular uptake of a lipid by inhibiting the 
expression or activity of an NPC1L1 nucleic acid or polypep 
tide. 
0024. Further provided is a method of treating hyperlipi 
demia or other diseases and disorders associated with or 
mediated by NPC1L1, including, but not limited to, obesity, 
diabetes, e.g., type II diabetes, cardiovascular disease, or 
stroke in a subject in need thereof by administering to the 
Subject a therapeutically effective amount of an agent which 
inhibits the expression or activity of an NPC1L1 nucleic acid 
or polypeptide. 
0025. In one embodiment, the NPC1L1 nucleic acid or 
polypeptide which is inhibited is that set forth in SEQ ID 
NOs: 2 and 3, respectively. 
0026. In another embodiment, the hyperlipidemia is 
hypercholesterolemia. 
0027. The present invention further provides a method of 
decreasing the plasma glucose by administering a therapeu 
tically effective amount of an agent which inhibits the expres 
sion or activity of an NPC1L1 nucleic acid or polypeptide. 
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0028. In one embodiment, the NPC1L1 nucleic acid or 
polypeptide which is inhibited is that set forth in SEQ ID 
NOs: 2 and 3, respectively. 
0029. In another embodiment, the hyperlipidemia is 
dietary hypercholesterolemia. 
0030 The present invention also provides a method for 
identifying a test compound that binds to and modulates the 
activity of an NPC1L1 polypeptide, which compound is 
therefore a candidate compound for the treatment of hyper 
lipidemia, obesity, diabetes, e.g., type II diabetes, cardiovas 
cular disease, or stroke. 

BRIEF DESCRIPTION OF DRAWINGS 

0031 FIGS. 1A-1E. FIG. 1 demonstrates the subcellular 
localization of murine NPC1L1 by immunofluorescence. 
FIG. 1a shows localization in human NT2 cells. FIG. 1b 
shows localization of tagged NPC1L1 in transfected COS-7 
cells. FIG. 1c shows localization in Caco-2 cells transiently 
transfected with an NPC1L1 fusion protein. FIG. 1d depicts 
the lack of localization of NPC1L1 on the plasma membrane. 
FIG. 1e demonstrates the effect of NPC1L1 on fatty acid 
transport in bacterial cells. 
0032 FIGS. 2A-2F. FIG. 2 shows the tissue distribution of 
human and mouse NPC1L1 in various tissues in human 
(FIGS. 2a and 2b) and mouse (FIG.2c) tissues using quanti 
tative real time PCR (FIGS. 2d and 2e). FIG.2f demonstrates 
reduced activation of reporter genes in cells from NPC1L1 
deficient mice (L1) compared with control mice (WT), under 
the expression of three response elements: ABCA1-RFP 
(FIG.2f(1-4); DR4-RFP (FIG.2f(5-8); and SRE-GFP (FIG. 
2f(9-12)). 
0033 FIGS. 3A-3E. FIG.3 demonstrates impaired uptake 
of multiple lipids (i.e., oleic acid, cholesterol) in mouse cells 
from NPC1L1 deficient mice using radioactively labeled lip 
ids (FIG. 3a-b), fluorescently-tagged lipids complexed with 
cyclodextrin (FIG. 3c) or BSA (FIG. 3d). FIG. 3e demon 
strates expression of a caveolin-mYFP fusion in mouse wild 
type or NPC1L1 null cells. 
0034 FIG. 4. FIG. 4 demonstrates resistance to hypercho 
lesterolemia in NPC1L1 null mice subjected to a high cho 
lesterol diet. FIG. 4 shows plasma assays for glucose, triglyc 
erides, total cholesterol and HDL-cholesterol after 14 weeks. 
0035 FIG. 5. FIG.5 demonstrates the AcrAB-TolG com 
plex in E. coli and the homologous MexCD-Opry complex 
from Pseudomonas aeruginosa. 
0036 FIG. 6. Immunofluorescence of lysosomal choles 
terol of normal human fibroblasts treated (6B) or untreated 
(6A) with NPC1 inhibitor 4-butyryl-4-phenylpiperidine. 
0037 FIG. 7. Immunofluorescence of lysosomal choles 
terol of normal human fibroblasts treated with weaker NPC1 
inhibitor 4-cyano-4-phenylpiperidine (7A), or 4-methylpip 
eridine (7B). 
0038 FIG. 8 is a graph illustrating that inhibitors 4-Phe 
nyl-4-piperidinecarbonitrile Hydrochloride (#1), (1-Butyl-N 
(2,6-diemethylphenyl)2 piperidine carboxamide) #7.2- 
acetyl-3-(2-methylphenyl)amino-2-cyclopenten-1-one, 3 
{1-(2-hydroxyphenyl)aminoethylidene-2,4(3H, 5H)- 
thiophenedione and gave a positive signal compared to con 
trol (none). Note that Ezetamibe did not inhibit NPC1L1 in 
this assay. 
0039 FIGS. 9A-9B. FIG. 9A is a graph depicting body 
weights of mice fed a high fat diet for 0-245 days (Mouse set 
1). FIG.9B is a graph depicting body weights of mice fed a 
high fat diet for 0-95 days (mouse set 2). 
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0040 FIG. 10 is a graph depicting results of a glucose 
tolerance test on mice fed with regular chow (mouse set 1). 
004.1 FIGS. 11A-11B. FIG. 11A is a graph depicting 
results of a glucose tolerance test on mice fed a high fat diet 
for 102 days (mouse set 1). FIG. 11B is a graph depicting 
results of a glucose tolerance test on mice fed a high fat diet 
for 262 days (mouse set 1). 
0042 FIGS. 12A-12B. FIG. 12A is a graph depicting 
results of an insulin tolerance test in mice fed a high fat diet 
for 105 days (mouse set 2). FIG. 12B is a graph depicting 
results of an insulin tolerance test in mice fed a high fat diet 
for 252 days (mouse set 1). 
0043 FIGS. 13 A-13B. FIG. 13A is agraph depicting insu 
lin measurements in mice fed a high fat diet for 72 days 
(mouse set 2). FIG. 13B is a graph depicting insulin measure 
ments in mice fed a high fat diet for 220 days (mouse set 1). 
0044 FIGS. 14A-14B are graphs depicting plasma lipo 
protein profiles in mice at 120 days (FIG. 14A) and 268 days 
(FIG. 14B) of high fat diet. 
0045 FIG. 15 is a graph depicting results of real-time PCR 
of NPC1L1 in mouse tissue and 3T3L1 cell line. 
0046 FIG.16 is a graph depicting results of real-time PCR 
of NPC1L1 in mouse white and brown adipose tissue. 
0047 FIG. 17 is a graph depicting results of real-time PCR 
of NPC1L1 in human liver and adipose tissue. 
0048 FIG. 18 is a table illustrating weight gain and food 
intake over 210 days for NPC1L1 knockout mice fed a high 
fat diet as compared to wild type mice fed a high fat diet. 

DETAILED DESCRIPTION OF THE INVENTION 

0049. The Niemann Pick C1-like gene and gene product 
(NPC1L1; also known as NPC3; Genbank Accession No. 
AF192522; Davies et al., (2000) Genomics 65(2): 137-145 
and Ioannou et al., (2000) Mol. Genet. Metab. 71(1-2): 175 
181 was first isolated in humans, based on its 42% amino acid 
identity and 51% amino acid similarity to human NPC1 (Gen 
bank Accession No. AF002020). 
0050. The present invention is based on methods of using 
NPC1L1 molecules including screening assays for identify 
ing modulators of NPC1L1, inhibitors of NPC1L1 including 
Small molecule compounds, antibodies, and siRNA mol 
ecules, NPC1L1 knock-out animals and transgenic animals, 
as well as therapeutic methods for the treatment of NPC1L1 
mediated disease and disorders including, but not limited to, 
lipid disorders such as hyperlipidemia, and obesity, diabetes, 
and cardiovascular disease using modulators, e.g., inhibitors 
of NPC1L1. Methods for treating disorders associated with 
decreased NPC1L1, e.g., anorexia, cachexia, and wasting, 
using agonists of NPC1L1 are also included in the invention. 
The present invention also includes diagnostic methods using 
NPC1 L1. 

DEFINITIONS 

0051. The term “subject as used herein refers to a mam 
mal (e.g., a rodent such as a mouse or a rat, a pig, a primate, 
or companion animal (e.g., dog or cat, etc.). In particular, the 
term refers to humans. 
0052. The terms “array' and “microarray' are used inter 
changeably and refer generally to any ordered arrangement 
(e.g., on a surface or Substrate) of different molecules, 
referred to herein as “probes. Each different probe of an 
array is capable of specifically recognizing and/or binding to 
a particular molecule, which is referred to herein as its “tar 
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get in the context of arrays. Examples of typical target 
molecules that can be detected using microarrays include 
mRNA transcripts, cDNA molecules, cRNA molecules, and 
proteins. As disclosed in the Examples section below, at least 
one target detectable by the Affymetrix GeneChip(R) microar 
ray used as described herein is a NPC1L1-encoding nucleic 
acid (Such as an mRNA transcript, or a corresponding cDNA 
or cRNA molecule). 
0053 An "antisense' nucleic acid molecule or oligonucle 
otide is a single stranded nucleic acid molecule, which may be 
DNA, RNA, a DNA-RNA chimera, or a derivative thereof, 
which, upon hybridizing under physiological conditions with 
complementary bases in an RNA or DNA molecule of inter 
est, inhibits the expression of the corresponding gene by 
inhibiting, e.g., mRNA transcription, mRNA splicing, 
mRNA transport, or mRNA translation or by decreasing 
mRNA stability. As presently used, “antisense' broadly 
includes RNA-RNA interactions, RNA-DNA interactions, 
and RNase-H mediated arrest. Antisense nucleic acid mol 
ecules can be encoded by a recombinant gene for expression 
in a cell (see, e.g., U.S. Pat. Nos. 5,814,500 and 5,811,234), or 
alternatively they can be prepared synthetically (see, e.g., 
U.S. Pat. No. 5,780,607). According to the present invention, 
the role of NPC1L1 in regulation of conditions associated 
with hyperlipidemia may be identified, modulated and stud 
ied using antisense nucleic acids derived on the basis of 
NPC1L1-encoding nucleic acid molecules of the invention. 
0054 The term “ribozyme’ is used to refer to a catalytic 
RNA molecule capable of cleaving RNA substrates. 
Ribozyme specificity is dependent on complementary RNA 
RNA interactions (for a review, see Cechand Bass, Annu. Rev. 
Biochem. 1986:55: 599-629). Two types of ribozymes, ham 
merhead and hairpin, have been described. Each has a struc 
turally distinct catalytic center. The present invention con 
templates the use of ribozymes designed on the basis of the 
NPC1L1-encoding nucleic acid molecules of the invention to 
induce catalytic cleavage of the corresponding mRNA, 
thereby inhibiting expression of the NPC1L1 gene. 
Ribozyme technology is described further in Intracellular 
Ribozyme Applications. Principals and Protocols, Rossi and 
Couture ed., Horizon Scientific Press, 1999. 
0055. The term “RNA interference' or “RNAi refers to 
the ability of double stranded RNA (dsRNA) to suppress the 
expression of a specific gene of interest in a homology-de 
pendent manner. It is currently believed that RNA interfer 
ence acts post-transcriptionally by targeting mRNA mol 
ecules for degradation. RNA interference commonly involves 
the use of dsRNAs that are greater than 500 bp; however, it 
can also be mediated through small interfering RNAs (siR 
NAs) or small hairpin RNAs (shRNAs), which can be 10 or 
more nucleotides in length and are typically 18 or more nucle 
otides in length. For reviews, see Bosner and Labouesse, 
Nature Cell Biol. 2000: 2: E31-E36 and Sharp and Zamore, 
Science 2000: 287: 2431-2433. 
0056. The term “nucleic acid hybridization” refers to anti 
parallel hydrogen bonding between two single-stranded 
nucleic acids, in which A pairs with T (or Uifan RNA nucleic 
acid) and C pairs with G. Nucleic acid molecules are “hybrid 
izable' to each other when at least one strand of one nucleic 
acid molecule can form hydrogen bonds with the comple 
mentary bases of another nucleic acid molecule under defined 
stringency conditions. Stringency of hybridization is deter 
mined, e.g., by (i) the temperature at which hybridization 
and/or washing is performed, and (ii) the ionic strength and 
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(iii) concentration of denaturants such as formamide of the 
hybridization and washing Solutions, as well as other param 
eters. Hybridization requires that the two strands contain 
Substantially complementary sequences. Depending on the 
stringency of hybridization, however, Some degree of mis 
matches may be tolerated. Under “low stringency' condi 
tions, a greater percentage of mismatches are tolerable (i.e., 
will not prevent formation of an anti-parallel hybrid). See 
Molecular Biology of the Cell, Alberts et al.,3' ed., New York 
and London: Garland Publ., 1994, Ch. 7. 
0057 Typically, hybridization of two strands at high strin 
gency requires that the sequences exhibit a high degree of 
complementarity over an extended portion of their length. 
Examples of high Stringency conditions include: hybridiza 
tion to filter-bound DNA in 0.5 MNaHPO, 7% SDS, 1 mM 
EDTA at 65° C., followed by washing in 0.1xSSC/0.1% SDS 
(where 1xSSC is 0.15 MNaCl, 0.15 MNacitrate) at 68°C. or 
for oligonucleotide molecules washing in 6xSSC/0.5% 
sodium pyrophosphate at about 37° C. (for 14 nucleotide 
long oligos), at about 48°C. (for about 17 nucleotide-long 
oligos), at about 55° C. (for 20 nucleotide-long oligos), and at 
about 60°C. (for 23 nucleotide-long oligos)). 
0058 Conditions of intermediate or moderate stringency 
(such as, for example, an aqueous solution of 2xSSC at 65° 
C.; alternatively, for example, hybridization to filter-bound 
DNA in 0.5MNaHPO, 7% SDS, 1 mM EDTA at 65° C., and 
washing in 0.2xSSC/0.1% SDS at 42°C.) and low stringency 
(such as, for example, an aqueous solution of 2xSSC at 55° 
C.), require correspondingly less overall complementarity for 
hybridization to occur between two sequences. Specific tem 
perature and salt conditions for any given stringency hybrid 
ization reaction depend on the concentration of the target 
DNA and length and base composition of the probe, and are 
normally determined empirically in preliminary experiments, 
which are routine (see Southern, J. Mol. Biol. 1975: 98: 503; 
Sambrook et al., Molecular Cloning. A Laboratory Manual, 
2" ed., vol. 2,ch.9.50, CSHLaboratory Press, 1989; Ausubel 
et al. (eds.), 1989, Current Protocols in Molecular Biology, 
Vol. I, Green Publishing Associates, Inc., and John Wiley & 
Sons, Inc., New York, at p. 2.10.3). 
0059. As used herein, the term “standard hybridization 
conditions’ refers to hybridization conditions that allow 
hybridization of two nucleotide molecules having at least 
75% sequence identity. According to a specific embodiment, 
hybridization conditions of higher stringency may be used to 
allow hybridization of only sequences having at least 80% 
sequence identity, at least 90% sequence identity, at least 95% 
sequence identity, or at least 99% sequence identity. 
0060 Nucleic acid molecules that “hybridize” to any of 
the NPC1L1-encoding nucleic acids of the present invention 
may be of any length. In one embodiment. Such nucleic acid 
molecules are at least 10, at least 15, at least 20, at least 30, at 
least 40, at least 50, and at least 70 nucleotides in length. In 
another embodiment, nucleic acid molecules that hybridize 
are of about the same length as the particular NPC1L1-en 
coding nucleic acid. 
0061 The term “homologous” as used in the art com 
monly refers to the relationship between nucleic acid mol 
ecules or proteins that possess a “common evolutionary ori 
gin, including nucleic acid molecules or proteins within 
Superfamilies (e.g., the immunoglobulin Superfamily) and 
nucleic acid molecules or proteins from different species 
(Reeck et al., Cell 1987: 50: 667). Such nucleic acid mol 
ecules or proteins have sequence homology, as reflected by 
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their sequence similarity, whether in terms of substantial per 
cent similarity or the presence of specific residues or motifs at 
conserved positions. 

99 &g 0062. The terms “percent (%) sequence similarity”, “per 
cent (%) sequence identity, and the like, generally refer to 
the degree of identity or correspondence between different 
nucleotide sequences of nucleic acid molecules oramino acid 
sequences of proteins that may or may not share a common 
evolutionary origin (see Reecket al., Supra). Sequence iden 
tity can be determined using any of a number of publicly 
available sequence comparison algorithms, such as BLAST, 
FASTA, DNA Strider, GCG (Genetics Computer Group, Pro 
gram Manual for the GCG Package, Version 7, Madison, 
Wis.), etc. 
0063. In addition to the NPC1L1 nucleic acid sequences 
and NPC1L1 polypeptides (as shown in, e.g., SEQID NOS: 
2 and 3, respectively), the present invention further provides 
polynucleotide molecules comprising nucleotide sequences 
having certain percentage sequence identities to any of the 
aforementioned sequences. Such sequences preferably 
hybridize under conditions of moderate or high Stringency as 
described above, and may include species orthologs. 
0064. As used herein, the term “orthologs’ refers to genes 
in different species that apparently evolved from a common 
ancestral gene by speciation. Normally, orthologs retain the 
same function through the course of evolution. Identification 
of orthologs can provide reliable prediction of gene function 
in newly sequenced genomes. Sequence comparison algo 
rithms that can be used to identify orthologs include without 
limitation BLAST, FASTA, DNA Strider, and the GCG 
pileup program. Orthologs often have high sequence similar 
ity. 
0065. The present invention encompasses all non-human 
orthologs of NPC1L1. In addition to the mouse ortholog, 
particularly useful NPC1L1 orthologs of the present inven 
tion are rat, monkey, porcine, canine (dog), and guinea pig 
orthologs. 
0066. As used herein, the term "isolated” means that the 
material being referred to has been removed from the envi 
ronment in which it is naturally found, and is characterized to 
a sufficient degree to establish that it is present in a particular 
sample. Such characterization can be achieved by any stan 
dard technique, Such as, e.g., sequencing, hybridization, 
immunoassay, functional assay, expression, size determina 
tion, or the like. Thus, a biological material can be "isolated 
if it is free of cellular components, i.e., components of the 
cells in which the material is found or produced in nature. For 
nucleic acid molecules, an isolated nucleic acid molecule or 
isolated polynucleotide molecule, or an isolated oligonucle 
otide, can be a PCR product, an mRNA transcript, a cDNA 
molecule, or a restriction fragment. A nucleic acid molecule 
excised from the chromosome that it is naturally a part of is 
considered to be isolated. Such a nucleic acid molecule may 
or may not remain joined to regulatory, or non-regulatory, or 
non-coding regions, or to other regions located upstream or 
downstream of the gene when found in the chromosome. 
Nucleic acid molecules that have been spliced into vectors 
Such as plasmids, cosmids, artificial chromosomes, phages 
and the like are considered isolated. In a particular embodi 
ment, a NPC1L1-encoding nucleic acid spliced into a recom 
binant vector, and/or transformed into a host cell, is consid 
ered to be “isolated. 
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0067. Isolated nucleic acid molecules and isolated poly 
nucleotide molecules of the present invention do not encom 
pass uncharacterized clones in man-made genomic or cDNA 
libraries. 
0068 A protein that is associated with other proteins and/ 
or nucleic acids with which it is associated in an intact cell, or 
with cellular membranes if it is a membrane-associated pro 
tein, is considered isolated if it has otherwise been removed 
from the environment in which it is naturally found and is 
characterized to a sufficient degree to establish that it is 
present in a particular sample. A protein expressed from a 
recombinant vector in a host cell, particularly in a cell in 
which the protein is not naturally expressed, is also regarded 
as isolated. 
0069. An isolated organelle, cell, or tissue is one that has 
been removed from the anatomical site (cell, tissue or organ 
ism) in which it is found in the Source organism. 
0070 An isolated material may or may not be “purified”. 
The term “purified as used herein refers to a material (e.g., a 
nucleic acid molecule or a protein) that has been isolated 
under conditions that detectably reduce or eliminate the pres 
ence of other contaminating materials. Contaminants may or 
may not include native materials from which the purified 
material has been obtained. A purified material preferably 
contains less than about 90%, less than about 75%, less than 
about 50%, less than about 25%, less than about 10%, less 
than about 5%, or less than about 2% by weight of other 
components with which it was originally associated. 
(0071 Methods for purification are well-known in the art. 
For example, nucleic acids or polynucleotide molecules can 
be purified by precipitation, chromatography (including pre 
parative solid phase chromatography, oligonucleotide 
hybridization, and triple helix chromatography), ultracen 
trifugation, and other means. Polypeptides can be purified by 
various methods including, without limitation, preparative 
disc-gel electrophoresis, isoelectric focusing, HPLC, 
reverse-phase HPLC, gel filtration, affinity chromatography, 
ion exchange and partition chromatography, precipitation and 
salting-out chromatography, extraction, and counter-current 
distribution. Cells can be purified by various techniques, 
including centrifugation, matrix separation (e.g., nylon wool 
separation), panning and other immunoselection techniques, 
depletion (e.g., complement depletion of contaminating 
cells), and cell sorting (e.g., fluorescence activated cell sort 
ing (FACS)). Other purification methods are possible. The 
term “substantially pure' indicates the highest degree of 
purity that can be achieved using conventional purification 
techniques currently known in the art. In the context of ana 
lytical testing of the material, “substantially free” means that 
contaminants, if present, are below the limits of detection 
using current techniques, or are detected at levels that are low 
enough to be acceptable for use in the relevant art, for 
example, no more than about 2-5% (w/w). Accordingly, with 
respect to the purified material, the term “substantially pure' 
or “substantially free” means that the purified material being 
referred to is present in a composition where it represents 
95% (w/w) or more of the weight of that composition. Purity 
can be evaluated by chromatography, gel electrophoresis, 
immunoassay, composition analysis, biological assay, or any 
other appropriate method known in the art. 
0072 The term “about means within an acceptable error 
range for the particular value as determined by one of ordi 
nary skill in the art, which will depend in part on how the 
value is measured or determined, i.e., the limitations of the 
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measurement system. For example, "about can mean within 
an acceptable standard deviation, per the practice in the art. 
Alternatively, “about can mean a range of up to +20%. 
preferably up to +10%, more preferably up to +5%, and more 
preferably still up to 1% of a given value. Alternatively, par 
ticularly with respect to biological systems or processes, the 
term can mean within an order of magnitude, preferably 
within 2-fold, of a value. Where particular values are 
described in the application and claims, unless otherwise 
stated, the term “about is implicit and in this context means 
within an acceptable error range for the particular value. 
0073. The term “degenerate variants' of a polynucleotide 
sequence are those in which a change of one or more nucle 
otides in a given codon position results in no alteration in the 
amino acid encoded at that position. 
0074 The term “modulator” refers to a compound that 
differentially affects the expression or activity of a gene or 
gene product (e.g., nucleic acid molecule or protein), for 
example, in response to a stimulus that normally activates or 
represses the expression or activity of that gene or gene prod 
uct when compared to the expression or activity of the gene or 
gene product not contacted with the stimulus. In one embodi 
ment, the gene or gene product the expression or activity of 
which is being modulated includes agene, cDNA molecule or 
mRNA transcript that encodes a mammalian NPC1L1 protein 
Such as, e.g., a rat, mouse, companion animal, or human 
NPC1L1 protein. 
0075 An “antagonist” is one type of modulator, and 
includes an agent that reduces expression or activity, or inhib 
its expression or activity, of an NPC1L1 nucleic acid or 
polypeptide. Examples of antagonists of the NPC1L1-encod 
ing nucleic acids of the present invention include without 
limitation small molecules, anti-NPC1L1 antibodies, anti 
sense nucleic acids, ribozymes, and RNAi oligonucleotides, 
and molecule that target NPC1L1 promoter transcription fac 
tors. Specific NPC1L1 antagonists are set forth herein. 
0076 An “agonist' is another modulator that is defined as 
an agent that interacts with (e.g., binds to) a nucleic acid 
molecule or protein, and promotes, enhances, stimulates or 
potentiates the biological expression or activity of the nucleic 
acid molecule or protein. The term “partial agonist' is used to 
refer to an agonist which interacts with a nucleic acid mol 
ecule or protein, but promotes only partial function of the 
nucleic acid molecule or protein. A partial agonist may also 
inhibit certain functions of the nucleic acid molecule or pro 
tein with which it interacts. An “antagonist interacts with 
(e.g., binds to) and inhibits or reduces the biological expres 
sion or function of the nucleic acid molecule or protein. 
0077. A “test compound is a molecule that can be tested 
for its ability to act as a modulator of a gene or gene product. 
Test compounds can be selected, without limitation, from 
Small inorganic and organic molecules (i.e., those molecules 
of less than about 2 kD, and more preferably less than about 
1 kD in molecular weight), polypeptides (including native 
ligands, antibodies, antibody fragments, and other immuno 
specific molecules), oligonucleotides, polynucleotide mol 
ecules, and derivatives thereof. In various embodiments of the 
present invention, a test compound is tested for its ability to 
modulate the expression of a mammalian NPC1L1-encoding 
nucleic acid or NPC1L1 protein or to bind to a mammalian 
NPC1L1 protein. A compound that modulates a nucleic acid 
or protein of interest is designated herein as a “candidate 
compound' or “lead compound suitable for further testing 
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and development. Candidate compounds include, but are not 
necessarily limited to, the functional categories of agonistand 
antagonist. 
0078. The term “detectable change' as used herein in rela 
tion to an expression level of a gene or gene product (e.g., 
NPC1L1) means any statistically significant change and pref 
erably at least a 1.5-fold change as measured by any available 
technique such as hybridization or quantitative PCR. 
0079. As used herein, the term “specific binding refers to 
the ability of one molecule, typically an antibody, polynucle 
otide, polypeptide, or a small molecule ligand to contact and 
associate with another specific molecule, e.g., an NPC1L1 
molecule, even in the presence of many other diverse mol 
ecules. “Immunospecific binding refers to the ability of an 
antibody to specifically bind to (or to be “specifically immu 
noreactive with') its corresponding antigen. 
0080. The term “obesity” or “overweight” is defined as a 
body mass index (BMI) of 30 kg/m or more (National Insti 
tute of Health, Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in 
Adults (1998)). However, the present invention is also 
intended to include a disease, disorder, or condition that is 
characterized by a body mass index (BMI) of 25 kg/m or 
more, 26 kg/m or more, 27 kg/m or more, 28 kg/m or more, 
29 kg/mormore, 29.5 kg/mormore, or 29.9 kg/m or more, 
all of which are typically referred to as overweight (National 
Institute of Health, Clinical Guidelines on the Identification, 
Evaluation, and Treatment of Overweight and Obesity in 
Adults (1998)). Body weight disorders also include condi 
tions or disorders which are secondary to disorders such as 
obesity or overweight, i.e., are influenced or caused by a 
disorder Such as obesity or overweight. For example, insulin 
resistance, diabetes, hypertension, and atherosclerosis can all 
be influenced or caused by obesity or overweight. Accord 
ingly, Such secondary conditions or disorders are additional 
examples of body weight disorders. 
0081. The term “cardiovascular disease” (CVD) is any 
disease or disorder that affects the cardiovascular system. A 
cardiovascular disease or disorder includes, but is not limited 
to atherosclerosis, coronary heart disease or coronary artery 
disease (CAD), myocardial infarction (MI), ischemia, and 
peripheral vascular diseases. 
0082 Amplification of DNA as used herein denotes the 
use of exponential amplification techniques known in the art 
Such as the polymerase chain reaction (PCR), and non-expo 
nential amplification techniques such as linked linear ampli 
fication, that can be used to increase the concentration of a 
particular DNA sequence present in a mixture of DNA 
sequences. For a description of PCR, see Saiki et al., Science 
1988, 239:487 and U.S. Pat. No. 4,683.202. For a description 
of linked linear amplification, see U.S. Pat. Nos. 6,335, 184 
and 6,027,923; Reyes et al., Clinical Chemistry 2001; 47: 
131-40; and Wu et al., Genomics 1989; 4: 560-569. 
0083. As used herein, the phrase “sequence-specific oli 
gonucleotides' refers to oligonucleotides that can be used to 
detect the presence of a specific nucleic acid molecule, or that 
can be used to amplify a particular segment of a specific 
nucleic acid molecule for which a template is present. Such 
oligonucleotides are also referred to as “primers' or “probes.” 
In a specific embodiment, “probe' is also used to refer to an 
oligonucleotide, for example about 25 nucleotides in length, 
attached to a solid support for use on “arrays” and “microar 
rays' described below. 
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I0084. The term “host cell refers to any cell of any organ 
ism that is selected, modified, transformed, grown, used or 
manipulated in any way so as, e.g., to clone a recombinant 
vector that has been transformed into that cell, or to express a 
recombinant protein such as, e.g., a NPC1L1 protein of the 
present invention. Host cells are useful in screening and other 
assays, as described below. 
0085. As used herein, the terms “transfected cell' and 
“transformed cell’ both refer to a host cell that has been 
genetically modified to express or over-express a nucleic acid 
encoding a specific gene product of interest Such as, e.g., a 
NPC1L1 protein or a fragment thereof. Any eukaryotic or 
prokaryotic cell can be used, although eukaryotic cells are 
preferred, vertebrate cells are more preferred, and mamma 
lian cells are the most preferred. Transfected or transformed 
cells are Suitable to conduct an assay to Screen for compounds 
that modulate the function of the gene product. A typical 
“assay method of the present invention makes use of one or 
more such cells, e.g., in a microwell plate or some other 
culture system, to screen for Such compounds. The effects of 
a test compound can be determined on a single cell, or on a 
membrane fraction prepared from one or more cells, or on a 
collection of intact cells sufficient to allow measurement of 
activity. 
I0086. The term “recombinantly engineered cell refers to 
any prokaryotic or eukaryotic cell that has been genetically 
manipulated to express or over-express a nucleic acid of 
interest, e.g., a NPC1L1-encoding nucleic acid of the present 
invention, by any appropriate method, including transfection, 
transformation or transduction. The term “recombinantly 
engineered cell also refers to a cell that has been engineered 
to activate an endogenous nucleic acid, e.g., the endogenous 
NPC1L1-encoding gene in a rat, mouse or human cell, which 
cell would not normally express that gene product or would 
express the gene product at only a Sub-optimal level. 
I0087. The terms “vector”, “cloning vector” and “expres 
sion vector” refer to recombinant constructs including, e.g., 
plasmids, cosmids, phages, viruses, and the like, with which 
a nucleic acid molecule (e.g., a NPC1L1-encoding nucleic 
acid or NPC1L1 siRNA-expressing nucleic acid) can be 
introduced into a host cell so as to, e.g., clone the vector or 
express the introduced nucleic acid molecule. Vectors may 
further comprise selectable markers. 
0088. The terms “mutant”, “mutated, “mutation, and the 
like, refer to any detectable change in genetic material, (e.g., 
NPC1L1 DNA), or any process, mechanism, or result of such 
a change. Mutations include gene mutations in which the 
structure (e.g., DNA sequence) of the gene is altered; any 
DNA or other nucleic acid molecule derived from such a 
mutation process; and any expression product (e.g., the 
encoded protein) exhibiting a non-silent modification as a 
result of the mutation. 

I0089. As used herein, the term “genetically modified ani 
mal’ encompasses all animals into which an exogenous 
genetic material has been introduced and/or whose endog 
enous genetic material has been manipulated. Examples of 
genetically modified animals include without limitation 
transgenic animals, e.g., "knock-in animals with the endog 
enous gene Substituted with a heterologous gene or an 
ortholog from another species or a mutated gene, “knockout' 
animals with the endogenous gene partially or completely 
inactivated, or transgenic animals expressing a mutated gene 
or overexpressing a wild-type or mutated gene (e.g., upon 
targeted or random integration into the genome) and animals 
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containing cells harboring a non-integrated nucleic acid con 
struct (e.g., viral-based vector, antisense oligonucleotide, 
shRNA, siRNA, ribozyme, etc.), including animals wherein 
the expression of an endogenous gene has been modulated 
(e.g., increased or decreased) due to the presence of Such 
COnStruct. 

0090. As used herein, a “transgenic animal' is a nonhu 
man animal, preferably a mammal, more preferably a rodent 
Such as a rat or mouse, in which one or more of the cells of the 
animal include a transgene. Other examples of transgenic 
animals include nonhuman primates, sheep, dogs, pigs, cows, 
goats, chickens, amphibians, etc. A transgene is exogenous 
DNA that is integrated into the genome of a cell from which 
a transgenic animal develops and which remains in the 
genome of the mature animal, thereby directing the expres 
sion of an encoded gene product in one or more cell types or 
tissues of the transgenic animal. 
0091. A “knock-in animal' is an animal (e.g., a mammal 
Such as a mouse or a rat) in which an endogenous gene has 
been Substituted in part or in total with a heterologous gene 
(i.e., a gene that is not endogenous to the locus in question; see 
Roamer et al., New Biol. 1991, 3:331). This can be achieved 
by homologous recombination (see "knockout animal' 
below), transposition (Westphal and Leder, Curr. Biol. 1997: 
7: 530), use of mutated recombination sites (Araki et al., 
Nucleic Acids Res. 1997:25: 868), PCR (Zhang and Hender 
son, Biotechniques 1998; 25: 784), or any other technique 
known in the art. The heterologous gene may be, e.g., a 
reporter gene linked to the appropriate (e.g., endogenous) 
promoter, which may be used to evaluate the expression or 
function of the endogenous gene (see, e.g., Elegant et al., 
Proc. Natl. Acad. Sci. USA 1998; 95: 11897). 
0092. A “knockout animal' is an animal (e.g., a mammal 
Such as a mouse or a rat) that has had a specific gene in its 
genome partially or completely inactivated by gene targeting 
(see, e.g., U.S. Pat. Nos. 5,777,195 and 5,616,491). A knock 
out animal can be a heterozygous knockout (i.e., with one 
defective allele and one wild type allele) or a homozygous 
knockout (i.e., with both alleles rendered defective). Prepa 
ration of a knockout animal typically requires first introduc 
ing a nucleic acid construct (a "knockout construct”), that will 
be used to decrease or eliminate expression of a particular 
gene, into an undifferentiated cell type termed an embryonic 
stem (ES) cell. The knockout construct is typically comprised 
of: (i) DNA from a portion (e.g., an exon sequence, intron 
sequence, promoter sequence, or some combination thereof) 
of a gene to be knocked out; and (ii) a selectable marker 
sequence used to identify the presence of the knockout con 
struct in the ES cell. The knockout construct is typically 
introduced (e.g., electroporated) into ES cells So that it can 
homologously recombine with the genomic DNA of the cell 
in a double crossover event. This recombined ES cell can be 
identified (e.g., by Southern hybridization or PCR reactions 
that show the genomic alteration) and is then injected into a 
mammalian embryo at the blastocyst stage. In a preferred 
embodiment where the knockout animal is a mammal, a 
mammalian embryo with integrated ES cells is then 
implanted into a foster mother for the duration of gestation 
(see, e.g., Zhou et al., Genes and Dev. 1995; 9:2623-34). 
0093. The phrases “disruption of the gene”, “gene disrup 

tion', and the like, refer to: (i) insertion of a different or 
defective nucleic acid sequence into an endogenous (natu 
rally occurring) DNA sequence, e.g., into an exon or pro 
moter region of a gene; or (ii) deletion of a portion of an 
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endogenous DNA sequence of a gene; or (iii) a combination 
of insertion and deletion, so as to decrease or prevent the 
expression of that gene or its gene product in the cell as 
compared to the expression of the endogenous gene 
Sequence. 
0094. In accordance with the present invention, there may 
be employed conventional molecular biology, microbiology, 
and recombinant DNA techniques within the skill of the art. 
See, e.g., Sambrook, Fritsch and Maniatis, Molecular Clon 
ing: A Laboratory Manual, 2nd ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1989 (herein 
“Sambrook et al., 1989''); DNA Cloning: A Practical 
Approach, Volumes I and II (Glovered. 1985); Oligonucle 
otide Synthesis (Gaited. 1984); Nucleic Acid Hybridization 
(Hames and Higgins eds. 1985); Transcription And Transla 
tion (Hames and Higgins eds. 1984); Animal Cell Culture 
(Freshney ed. 1986); Immobilized Cells And Enzymes (IRL 
Press, 1986); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); Ausubel et al. eds., Current Protocols in 
Molecular Biology, John Wiley and Sons, Inc. 1994; among 
others. 

NPC1L1 Polynucleotides 

0.095 The present invention provides an isolated nucleic 
acid molecule comprising a nucleotide sequence encoding 
NPC1L1. More particularly, the present invention provides 
an isolated NPC1L1 nucleic acid sequence having a nucle 
otide sequence encoding mouse NPC1L1. 
0096. In one embodiment, the NPC1L1 nucleic acid has 
nucleotide sequence of SEQID NO:1, or a degenerate variant 
thereof. In another embodiment, NPC1L1 nucleic acid has 
nucleotide sequence of SEQID NO:2, or a degenerate variant 
thereof. 
0097. The present invention also provides an isolated 
single-stranded polynucleotide molecule comprising a nucle 
otide sequence that is the complement of a nucleotide 
sequence of one strand of any of the aforementioned nucle 
otide sequences (e.g., SEQID NO: 2). 
0098. The present invention further provides an isolated 
polynucleotide molecule comprising a nucleotide sequence 
that hybridizes to the complement of a polynucleotide that 
encodes the amino acid sequence of the mouse NPC1L1 
protein of the present invention, under moderately stringent 
conditions, such as, for example, an aqueous solution of 
2xSSC at 65° C.; alternatively, for example, hybridization to 
filter-bound DNA in 0.5 M NaHPO, 7% SDS, 1 mM EDTA 
at 65° C., and washing in 0.2xSSC/0.1% SDS at 42°C. (see 
the Definitions section above). 
0099. In a preferred embodiment, the homologous poly 
nucleotide molecule hybridizes to the complement of a poly 
nucleotide molecule comprising a nucleotide sequence that 
encodes the amino acid sequence of the mouse NPC1L1 
protein of the present invention under highly stringent con 
ditions, such as, for example, in an aqueous solution of 0.5x 
SSC at 65° C.; alternatively, for example, hybridization to 
filter-bound DNA in 0.5MNaHPO.7% SDS 1 mM EDTA at 
65°C., and washing in 0.1.x SSC/0.1% SDS at 68°C. (see the 
Definitions Section 5.1, above). 
0100. In a more preferred embodiment, the homologous 
polynucleotide molecule hybridizes under highly stringent 
conditions to the complement of a polynucleotide molecule 
consisting of a nucleotide sequence selected from the group 
consisting of SEQID NO:1 and SEQID NO:2. 
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0101 The present invention further provides an isolated 
polynucleotide molecule comprising a nucleotide sequence 
that is homologous to the nucleotide sequence of a NPC1L1 
encoding polynucleotide molecule of the present invention. 
In a preferred embodiment, Such a polynucleotide molecule 
hybridizes under standard conditions to the complement of a 
polynucleotide molecule comprising a nucleotide sequence 
that encodes the amino acid sequence of the mouse NPC1L1 
protein of the present invention and has at least 75% sequence 
identity, preferably at least 80% sequence identity, more pref 
erably at least 90% sequence identity, more preferably at least 
95% sequence identity, and most preferably at least 99% 
sequence identity to the nucleotide sequence of Such 
NPC1L1-encoding polynucleotide molecule (e.g., as deter 
mined by a sequence comparison algorithm selected from 
BLAST, FASTA, DNA Strider, and GCG, and preferably as 
determined by the BLAST program from the National Center 
for Biotechnology Information (NCBI-Version 2.2), avail 
able on the WorldWideWeb at <www.ncbi.nlm.nih.gov/ 
BLAST/htm>). In one embodiment, the homologous poly 
nucleotide is homologous to a polynucleotide encoding 
mouse NPC1L1 protein of the present invention, e.g., SEQID 
NO: 2. 

0102 The present invention further provides an oligo 
nucleotide molecule that hybridizes to a polynucleotide mol 
ecule of the present invention, or that hybridizes to a poly 
nucleotide molecule having a nucleotide sequence that is the 
complement of a nucleotide sequence of a polynucleotide 
molecule of the present invention. Such an oligonucleotide 
molecule: (i) is about 10 nucleotides to about 200 nucleotides 
in length, preferably from about 15 to about 100 nucleotides 
in length, and more preferably about 20 to about 50 nucle 
otides in length, and (ii) hybridizes to one or more of the 
polynucleotide molecules of the present invention under 
highly stringent conditions (e.g., washing in 6xSSC/0.5% 
sodium pyrophosphate at about 37° C. for about 14-base 
oligos, at about 48°C. for about 17-base oligos, at about 55° 
C. for about 20-base oligos, and at about 60° C. for about 
23-base oligos). In one embodiment, an oligonucleotide mol 
ecule of the present invention is 100% complementary over 
its entire length to a portion of at least one of the aforemen 
tioned polynucleotide molecules of the present invention, and 
particularly any of SEQID NOs: 1 or 2. In another embodi 
ment, an oligonucleotide molecule of the present invention is 
greater than 90% complementary over its entire length to a 
portion of at least one of the aforementioned polynucleotide 
molecules of the present invention, and particularly any of 
SEQID NOs: 1 or 2. 
0103 Specific non-limiting examples of oligonucleotide 
molecules according to the present invention include oligo 
nucleotide molecules selected from the group consisting of 
SEQID NOs: 4 and 5. 
0104 Oligonucleotide molecules can be labeled, e.g., 
with radioactive labels (e.g., YP), biotin, fluorescent labels, 
etc. In one embodiment, a labeled oligonucleotide molecule 
can be used as a probe to detect the presence of a nucleic acid. 
In another embodiment, two oligonucleotide molecules (one 
or both of which may be labeled) can be used as PCR primers, 
either for cloning a full-length nucleic acid or a fragment of a 
nucleic acid encoding a gene product of interest, or to detect 
the presence of nucleic acids encoding a gene product. Meth 
ods for conducting amplifications. Such as the polymerase 
chain reaction (PCR), are described, among other places, in 
Saiki et al., Science 1988, 239:487 and U.S. Pat. No. 4,683, 
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202. Other amplification techniques known in the art, e.g., the 
ligase chain reaction, can alternatively be used (see, e.g., U.S. 
Pat. Nos. 6,335,184 and 6,027,923; Reyes et al., Clinical 
Chemistry 2001; 47: 131-40; and Wu et al., Genomics 1989; 
4: 560-569). 
0105. The present invention further provides a polynucle 
otide molecule consisting of a nucleotide sequence that is a 
Substantial portion of the nucleotide sequence of any of the 
aforementioned NPC1L1-related polynucleotide molecules 
of the present invention, or the complement of Such nucle 
otide sequence. As used herein, a 'substantial portion of a 
NPC1L1-encoding nucleotide sequence means a nucleotide 
sequence that is less than the nucleotide sequence required to 
encode a complete NPC1L1 protein of the present invention, 
but comprising at least about 5%, at least about 10%, at least 
about 20%, at least about 30%, at least about 40%, at least 
about 50%, at least about 60%, at least about 70%, at least 
about 80%, at least about 90%, at least about 95%, or at least 
about 99% of the contiguous nucleotide sequence of a 
NPC1L1-encoding polynucleotide molecule of the present 
invention. Such polynucleotide molecules can be used for a 
variety of purposes including, e.g., to express a portion of a 
NPC1L1 protein of the present invention in an appropriate 
expression system, or for use in conducting an assay to deter 
mine the expression level of a NPC1L1 gene in a biological 
sample, or to amplify a NPC1L1-encoding polynucleotide 
molecule. 
0106. In addition to the nucleotide sequences of any of the 
aforementioned NPC1L1-related polynucleotide molecules, 
polynucleotide molecules of the present invention can further 
comprise, or alternatively may consist of nucleotide 
sequences selected from the sequence depicted in SEQ ID 
NO: 1 (genomic) that naturally flank a NPC1L1-encoding 
nucleotide sequence in the chromosome, including regula 
tory sequences. 

NPC1L1 Polypeptides 
0107 The present invention also provides an NPC1L1 
polypeptide encoded by an NPC1L1 polynucleotide. In one 
embodiment, the NPC1L1 polypeptide is encoded by an 
NPC1L1 polynucleotide comprising the sequence as set forth 
in SEQID NO: 2. 
0108. The present invention also provides an NPC1L1 
polypeptide encoded by an NPC1L1 polynucleotide that 
hybridizes to the complement of the polynucleotide sequence 
set forth in SEQID NOS. 1 or 2. 
0109. In one embodiment, NPC1L1 polypeptide com 
prises the amino acid sequence set forth SEQID NO:3. 
0110. The present invention further provides a non-human 
polypeptide that is homologous to the NPC1L1 protein of the 
present invention, as the term “homologous is defined above 
for polypeptides. In one embodiment, the homologous 
NPC1L1 polypeptides of the present invention have the 
amino acid sequence identical to the amino acid sequence of 
SEQ ID NO:3, but have one or more amino acid residues 
conservatively substituted with a different amino acid resi 
due. Conservative amino acid Substitutions are well-known in 
the art. Rules for making Such Substitutions include those 
described by Dayhof, 1978, Nat. Biomed. Res. Found. Wash 
ington, D.C., Vol. 5. Sup.3, among others. More specifically, 
conservative amino acid Substitutions are those that take 
place within a family of amino acids that are related in acidity, 
polarity, or bulkiness of their side chains. Genetically 
encoded amino acids are generally divided into four groups: 



US 2009/0035784 A1 

(1) acidic-aspartate, glutamate; (2) basic-lysine, arginine, 
histidine; (3) non-polar alanine, Valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan; and (4) 
uncharged polar glycine, asparagine, glutamine, cysteine, 
serine, threonine, tyrosine. Phenylalanine, tryptophan and 
tyrosine are also jointly classified as aromatic amino acids. 
One or more replacements within any particular group, e.g., 
of a leucine with an isoleucine or valine, or of an aspartate 
with a glutamate, or of a threonine with a serine, or of any 
other amino acid residue with a structurally related amino 
acid residue, e.g., an amino acid residue with similar acidity, 
polarity, bulkiness of side chain, or with similarity in some 
combination thereof, will generally have an insignificant 
effect on the function or immunogenicity of the polypeptide. 
0111. The NPC1L1 polypeptides of the present invention 
(including those encoded by the homologous polynucleotide 
molecules above, i.e., homologous NPC1L1 polypeptides) 
have the following functions including, but not limited to: (i) 
endocytosis and intracellular trafficking of multiple classes of 
lipids, including fatty acids such as oleic acid, sterols such as 
cholesterol, and, sphingolipids Such as lactosylceramide; (ii) 
regulation of caveolae formation and/or internalization; (iii) 
the sensing of sterols through a sterol sensing domain; (iv) 
conferring localization to the ER and Golgi, and (V) regulat 
ing serum levels of total cholesterol, LDL-cholesterol, HDL 
cholesterol, triglycerides, insulin, and glucose. (see also 
Davies et al., 2005, J Biological Chemistry, Vol. 280, No. 13, 
pp. 12710-12720, the contents of which are expressly incor 
porated herein by reference). 
0112 Also encompassed by the present invention are 
orthologs of the specifically disclosed NPC1L1 polypeptides, 
and NPC1L1-encoding nucleic acids. Additional NPC1L1 
orthologs can be identified based on the sequences of mouse 
and human orthologs disclosed herein, using standard 
sequence comparison algorithms such as BLAST. FASTA, 
DNA Strider, GCG, etc. In addition to mouse and human 
orthologs, particularly useful NPC1L1 orthologs of the 
present invention are monkey, dog, guinea pig, and porcine 
orthologs. As with the homologs discussed above, these 
orthologs can have the same functions as the NPC1L1 pro 
tein. 
0113. The present invention further provides a polypep 
tide consisting of a substantial portion of a mouse NPC1L1 
protein of the present invention. “Substantial portion' has the 
same meaning as defined above under NPC1L1 polynucle 
otides. 
0114. The present invention further provides fusion pro 
teins comprising any of the aforementioned polypeptides 
(proteins or peptide fragments) fused to a carrier or fusion 
partner, as known in the art. For example, NPC1L1 can be 
fused with green fluorescent protein (GFP), V5, and Ig. 
0115 Recombinant Expression Systems Cloning and 
Expression Vectors 
0116. The present invention further provides composi 
tions and constructs for cloning and expressing any of the 
NPC1L1 polynucleotide molecules of the present invention, 
including cloning vectors, expression vectors, transformed 
host cells comprising any of said vectors, and novel Strains or 
cell lines derived therefrom. In one embodiment, the present 
invention provides a recombinant vector comprising a poly 
nucleotide molecule having a nucleotide sequence encoding a 
non-human NPC1L1 polypeptide. In a specific embodiment, 
the mouse NPC1L1 polypeptide comprises the amino acid 
sequence of SEQID NO:3. 
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0117 Recombinant vectors of the present invention, par 
ticularly expression vectors, are preferably constructed so 
that the coding sequence for the NPC1L1 polynucleotide 
molecule of the present invention is in operative association 
with one or more regulatory elements necessary for transcrip 
tion and translation of the coding sequence to produce a 
polypeptide. As used herein, the term “regulatory element 
includes, but is not limited to, nucleotide sequences that 
encode inducible and non-inducible promoters, enhancers, 
operators and other elements known in the art that serve to 
drive and/or regulate expression of polynucleotide coding 
sequences. Also, as used herein, the coding sequence is in 
operative association with one or more regulatory elements 
where the regulatory elements effectively regulate and allow 
for the transcription of the coding sequence or the translation 
of its mRNA, or both. 
0118 Methods are known in the art for constructing 
recombinant vectors containing particular coding sequences 
in operative association with appropriate regulatory ele 
ments, and these can be used to practice the present invention. 
These methods include in vitro recombinant techniques, Syn 
thetic techniques, and in vivo genetic recombination. See, 
e.g., the techniques described in Ausubel et al., 1989, above: 
Sambrook et al., 1989, above: Saiki et al., 1988, above; Reyes 
et al., 2001, above; Wu et al., 1989, above; U.S. Pat. Nos. 
4,683,202; 6,335,184 and 6,027,923. 
0119) A variety of expression vectors are known in the art 
that can be utilized to express a polynucleotide molecule of 
the present invention, including recombinant bacteriophage 
DNA, plasmid DNA, and cosmid DNA expression vectors 
containing the particular coding sequences. Typical prokary 
otic expression vector plasmids that can be engineered to 
contain a polynucleotide molecule of the present invention 
include puC8, puC9, pBR322 and pBR329 (Biorad Labora 
tories, Richmond, Calif.), pPL and pKK223 (Pharmacia, Pis 
cataway, N.J.), pCRE50 (Qiagen, Chatsworth, Calif.), and 
pGEM-T EASY (Promega, Madison, Wis.), pcDNA6.2/V5 
DEST and pcDNA3.2/V5DEST (Invitrogen, Carlsbad, 
Calif.) among many others. Typical eukaryotic expression 
vectors that can be engineered to contain a polynucleotide 
molecule of the present invention include an ecdysone-induc 
ible mammalian expression system (Invitrogen, Carlsbad, 
Calif.), cytomegalovirus promoter-enhancer-based systems 
(Promega, Madison, Wis.; Stratagene, La Jolla, Calif.; Invit 
rogen), and baculovirus-based expression systems 
(Promega), among many others. 
0.120. The regulatory elements of these and other vectors 
can vary in their strength and specificities. Depending on the 
host/vector system utilized, any of a number of suitable tran 
Scription and translation elements can be used. For instance, 
when cloning in mammalian cell systems, promoters isolated 
from the genome of mammalian cells, e.g., mouse metal 
lothionein promoter, or from viruses that grow in these cells, 
e.g., vaccinia virus 7.5 K promoter or Maloney murine sar 
coma virus long terminal repeat, can be used. Promoters 
obtained by recombinant DNA or synthetic techniques can 
also be used to provide for transcription of the inserted 
sequence. In addition, expression from certain promoters can 
be elevated in the presence of particular inducers, e.g., Zinc 
and cadmium ions for metallothionein promoters. Non-lim 
iting examples of transcriptional regulatory regions or pro 
moters include for bacteria, the B-gal promoter, the T7 pro 
moter, the TAC promoter, w left and right promoters, trp and 
lac promoters, trp-lac fusion promoters, etc.; for yeast, gly 
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colytic enzyme promoters, such as ADH-I and -II promoters, 
GPK promoter, PGI promoter, TRP promoter, etc.; and for 
mammalian cells, SV40 early and late promoters, and aden 
ovirus major late promoters, among others. 
0121 Specific initiation signals are also required for suf 
ficient translation of inserted coding sequences. These signals 
typically include an ATG initiation codon and adjacent 
sequences. In cases where the polynucleotide molecule of the 
present invention, including its own initiation codon and adja 
cent sequences, is inserted into the appropriate expression 
vector, no additional translation control signals may be 
needed. However, in cases where only a portion of a coding 
sequence is inserted, exogenous translational control signals, 
including the ATG initiation codon, may be required. These 
exogenous translational control signals and initiation codons 
can be obtained from a variety of sources, both natural and 
synthetic. Furthermore, the initiation codon must be in-phase 
with the reading frame of the coding regions to ensure in 
frame translation of the entire insert. 

0122 Expression vectors can also be constructed that will 
express a fusion protein comprising an NPC1L1 polypeptide 
of the present invention. Such fusion proteins can be used, 
e.g., to raise anti-sera againsta NPC1L1 polypeptide, to study 
the biochemical properties of the NPC1L1 polypeptide, to 
engineer a variant of a NPC1L1 polypeptide exhibiting dif 
ferent immunological or functional properties, or to aid in the 
identification or purification, or to improve the stability, of a 
recombinant NPC1L1 polypeptide. Possible fusion protein 
expression vectors include but are not limited to vectors 
incorporating sequences that encode 3-galactosidase and 
trpE fusions, maltose-binding protein fusions, glutathione-S- 
transferase fusions, polyhistidine fusions (carrier regions), 
V5, HA, myc, and HIS. Methods known in the art can be used 
to construct expression vectors encoding these and other 
fusion proteins. 
0123. The fusion protein can be useful to aid in purifica 
tion of the expressed protein. In non-limiting embodiments, 
e.g., a NPC1L1-polyhistidine fusion protein can be purified 
using divalent nickel resin; a NPC1L1-maltose-binding 
fusion protein can be purified using amylose resin; and a 
NPC1L1-glutathione-S-transferase fusion protein can be 
purified using glutathione-agarose beads. Alternatively, anti 
bodies against a carrier protein or peptide can be used for 
affinity chromatography purification of the fusion protein. 
For example, a nucleotide sequence coding for the target 
epitope of a monoclonal antibody can be engineered into the 
expression vector in operative association with the regulatory 
elements and situated so that the expressed epitope is fused to 
a NPC1L1 protein of the present invention. In a non-limiting 
embodiment, a nucleotide sequence coding for the FLAGTM 
epitope tag (International Biotechnologies Inc.), which is a 
hydrophilic marker peptide, can be inserted by standard tech 
niques into the expression vector at a point corresponding, 
e.g., to the amino or carboxyl terminus of the NPC1L1 pro 
tein. The expressed NPC1L1 protein-FLAGTM epitope fusion 
product can then be detected and affinity-purified using com 
mercially available anti-FLAGTM antibodies. The expression 
vector can also be engineered to contain polylinker sequences 
that encode specific protease cleavage sites so that the 
expressed NPC1L1 protein can be released from a carrier 
region or fusion partner by treatment with a specific protease. 
For example, the fusion protein vector can include a nucle 
otide sequence encoding a thrombin or factor Xa cleavage 
site, among others. 
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0.124. A signal sequence upstream from, and in reading 
frame with, the NPC1L1 coding sequence can be engineered 
into the expression vector by known methods to direct the 
trafficking and secretion of the expressed protein. Non-lim 
iting examples of signal sequences include those from C.-fac 
tor, immunoglobulins, outer membrane proteins, penicilli 
nase, and T-cell receptors, among others. 
0.125 To aid in the selection of host cells transformed or 
transfected with a recombinant vector of the present inven 
tion, the vector can be engineered to further comprise a cod 
ing sequence for a reporter gene product or other selectable 
marker. Such a coding sequence is preferably in operative 
association with the regulatory elements, as described above. 
Reporter genes that are useful in practicing the invention are 
known in the art, and include those encoding chlorampheni 
col acetyltransferase (CAT), green fluorescent protein and 
derivatives thereof, firefly luciferase, and human growth hor 
mone, among others. Nucleotide sequences encoding select 
able markers are known in the art, and include those that 
encode gene products conferring resistance to antibiotics or 
anti-metabolites, or that Supply an auxotrophic requirement. 
Examples of Such sequences include those that encode thy 
midine kinase activity, or resistance to methotrexate, ampi 
cillin, kanamycin, chloramphenicol. Zeocin, pyrimethamine, 
aminoglycosides, hygromycin, blasticidine, or neomycin, 
among others. 

Transformation of Host Cells 

I0126 The present invention further provides a trans 
formed host cell comprising a polynucleotide molecule or 
recombinant vector of the present invention, and a cell line 
derived therefrom. Such host cells are useful for cloning 
and/or expressing a polynucleotide molecule of the present 
invention. Such transformed host cells include but are not 
limited to microorganisms, such as bacteria transformed with 
recombinant bacteriophage DNA, plasmid DNA or cosmid 
DNA vectors, or yeast transformed with a recombinant vec 
tor, or animal cells. Such as insect cells infected with a recom 
binant virus vector, e.g., baculovirus, or mammalian cells 
infected with a recombinant virus vector, e.g., adenovirus, 
vaccinia virus, lentivirus, adeno-associated virus (AAV), or 
herpesvirus, among others. For example, a strain of E. coli 
can be used such as, e.g., the DH5O. strain available from the 
ATCC, Manassas, Va., USA (Accession No. 31343), or from 
Stratagene (La Jolla, Calif.). Eukaryotic host cells include 
yeast cells, although mammalian cells, e.g., from a mouse, 
rat, hamster, cow, monkey, or human cell line, among others, 
can also be utilized effectively. Examples of eukaryotic host 
cells that may be Suitable for expressing a recombinant pro 
tein of the invention include Chinese hamster ovary (CHO) 
cells (e.g., ATCC Accession No. CCL-61), NIH Swiss mouse 
embryo cells NIH/3T3 (e.g., ATCC Accession No. CRL 
1658), human epithelial kidney cells HEK 293 (e.g., ATCC 
Accession No. CRL-1573), African green monkey COS-7 
cells (ATCC Accession No. CRL-1651), human embryonal 
carcinoma NT2 cells (ATCC Accession No. CRL-1973), and 
human colon carcinoma Caco-2 cells ATCC Accession No. 
HTB-37. 
I0127. The present invention provides for mammalian cells 
infected with a virus containing a recombinant viral vector of 
the present invention. For example, an overview and instruc 
tions concerning the infection of mammalian cells with aden 
ovirus using the AdEasyTM Adenoviral Vector System is given 
in the Instructions Manual for this system from Stratagene 
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(La Jolla, Calif.). As another example, an overview and 
instructions concerning the infection of mammalian cells 
with AAV using the AAV Helper-Free System is given in the 
Instructions Manual for this system from Strategene (La 
Jolla, Calif.). 
0128. The recombinant vector of the invention is prefer 
ably transformed or transfected into one or more host cells of 
a Substantially homogeneous culture of cells. The vector is 
generally introduced into host cells inaccordance with known 
techniques, such as, e.g., by protoplast transformation, cal 
cium phosphate precipitation, calcium chloride treatment, 
microinjection, electroporation, transfection by contact with 
a recombined virus, liposome-mediated transfection, DEAE 
dextran transfection, transduction, conjugation, or micro 
projectile bombardment, among others. Selection of transfor 
mants can be conducted by standard procedures, such as by 
selecting for cells expressing a selectable marker, e.g., anti 
biotic resistance, associated with the recombinant expression 
Vector. 

0129. Once an expression vector is introduced into the 
host cell, the presence of the polynucleotide molecule of the 
present invention, either integrated into the host cell genome 
or maintained episomally, can be confirmed by standard tech 
niques, e.g., by DNA-DNA, DNA-RNA, or RNA-antisense 
RNA hybridization analysis, restriction enzyme analysis, 
PCR analysis including reverse transcriptase PCR(RT-PCR). 
detecting the presence of a “marker gene function, or by 
immunological or functional assay to detect the expected 
protein product. 
0130 Expression and Purification of Recombinant 
NPC1L1 Polypeptides 
0131) Once an NPC1L1 polynucleotide molecule of the 
present invention has been stably introduced into an appro 
priate host cell, the transformed host cell is clonally propa 
gated, and the resulting cells can be grown under conditions 
conducive to the efficient production (i.e., expression or over 
expression) of the NPC1L1 polypeptide. 
0132) The polypeptide can be substantially purified or iso 
lated from cell lysates, membrane fractions, or culture 
medium, as necessary, using standard methods, including but 
not limited to one or more of the following methods: ammo 
nium Sulfate precipitation, size fractionation, ion exchange 
chromatography, HPLC, density centrifugation, affinity chro 
matography, ethanol precipitation, and chromatofocusing. 
During purification, the polypeptide can be detected based, 
e.g., on size, or reactivity with a polypeptide-specific anti 
body, or by detecting the presence of a fusion tag. 
0.133 For use in practicing the present invention, the 
polypeptide can be in an unpurified State as Secreted into the 
culture fluid or as present in a cell lysate or membrane frac 
tion. Alternatively, the polypeptide may be purified there 
from. Once a polypeptide of the present invention of suffi 
cient purity has been obtained, it can be characterized by 
standard methods, including by SDS-PAGE, size exclusion 
chromatography, amino acid sequence analysis, immuno 
logical activity, biological activity, etc. The polypeptide can 
be further characterized using hydrophilicity analysis (see, 
e.g., Hopp and Woods, Proc. Natl. Acad. Sci. USA 1981: 78: 
3824), or analogous Software algorithms, to identify hydro 
phobic and hydrophilic regions. Structural analysis can be 
carried out to identify regions of the polypeptide that assume 
specific secondary structures. Biophysical methods such as 
X-ray crystallography (Engstrom, Biochem. Exp. Biol. 1974: 
11: 7-13), computer modeling (Fletterick and Zoller eds. In: 
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Current Communications in Molecular Biology, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y., 1986), and 
nuclear magnetic resonance (NMR) can be used to map and 
study potential sites of interaction between the polypeptide 
and other putative interacting proteins/receptorS/molecules. 
Information obtained from these studies can be used to design 
deletion mutants, and to design or select therapeutic com 
pounds that can specifically modulate the biological function 
of the NPC1L1 protein in vivo. 

NPC1L1 Antibodies 

I0134. The present invention also provides antibodies, 
including fragments thereof, which specifically bind to an 
NPC1L1 polypeptide, or fragment thereof. Antibodies to 
NPC1L1 have a number of applications, such as detecting the 
presence of NPC1L1 in a biological sample, determining the 
intracellular localization of NPC1L1, and modulating the 
activity of NPC1L1, e.g., in a Subject, for treatment (e.g., 
therapeutic and prophylactic) of diseases and disorders asso 
ciated with or mediated by NPC1L1, such as hyperlipidemia, 
obesity, type II diabetes, cardiovascular disease, and stroke. 
The present invention contemplates a number of Sources for 
immunogenic NPC1L1 polypeptides for use in producing 
anti-NPC1L1 antibodies. These sources include NPC1L1 
polypeptides produced by recombinant technology and 
chemical synthesis; and products derived from their fragmen 
tation or derivation. 
0.135 Various antibodies against NPC1L1 are described in 
published U.S. patent application 2004/0161838, to Altmann 
et al., hereby incorporated by reference in its entirety. Such 
antibodies are designated A0715, AO716, AO717, AO718, 
A0867, AO868, A1801 or A1802. Additional commercially 
available antibodies include NPC1L1 rabbit polyclonal anti 
bodies (Novus Biologicals, Littleton, Colo., Cat it BC-400 
NPC3). 
0.136. As used herein, the term “antibody molecule' 
includes, but is not limited to, antibodies and binding frag 
ments thereof, that specifically binds to an antigen, e.g., an 
NPC1L1 protein. Suitable antibodies may be polyclonal (e.g., 
sera or affinity purified preparations), monoclonal, or recom 
binant. Examples of useful fragments include separate heavy 
chains, light chains, Fab., F(ab'), Fabc, and FV fragments. 
Fragments can be produced by enzymatic or chemical sepa 
ration of intact immunoglobulins or by recombinant DNA 
techniques. Fragments may be expressed in the form of 
phage-coat fusion proteins (see, e.g., International PCT Pub 
lication Nos. WO 91/17271, WO 92/01047, and WO 
92/06204). Typically, the antibodies, fragments, or similar 
binding agents bind a specific antigen with an affinity of at 
least 107, 10, 10, or 10 M'. 
0.137 The present invention provides an isolated antibody 
directed against a polypeptide of the present invention. In a 
specific embodiment, antibodies can be raised against a 
NPC1L1 protein of the invention using known methods in 
view of this disclosure. Various host animals selected, e.g., 
from pigs, cows, horses, rabbits, goats, sheep, rats, or mice, 
can be immunized with a partially or substantially purified 
NPC1L1 protein, or with a peptide homolog, fusion protein, 
peptide fragment, analog or derivative thereof, as described 
above. An adjuvant can be used to enhance antibody produc 
tion. 
0.138 Polyclonal antibodies can be obtained and isolated 
from the serum of an immunized animal and tested for speci 
ficity against the antigen using standard techniques. Alterna 
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tively, monoclonal antibodies can be prepared and isolated 
using any technique that provides for the production of anti 
body molecules by continuous cell lines in culture. These 
include but are not limited to: (i) the hybridoma technique 
originally described by Kohler and Milstein, Nature 1975; 
256: 495-497; (ii) the trioma technique (Herring et al. (1988) 
Biomed. Biochim. Acta. 46:211-216 and Hagiwara et al. 
(1993) Hum. Antibod. Hybridomas 4:15); (iii) the human 
B-cell hybridoma technique (Kosbor et al., Immunology 
Today 1983; 4: 72: Cote et al., Proc. Natl. Acad. Sci. USA 
1983: 80: 2026-2030); and the EBV-hybridoma technique 
(Cole et al., Monoclonal Antibodies and Cancer Therapy, 
Alan R. Liss, Inc., 1985, pp. 77-96). Alternatively, techniques 
described for the production of single chain antibodies (see, 
e.g., U.S. Pat. No. 4,946,778) can be adapted to produce 
NPC1L1-specific single chain antibodies. 
0139 Antibody fragments that contain specific binding 
sites for the NPC1L1 polypeptide of the present invention are 
also encompassed within the present invention, and can be 
generated by known techniques. Such fragments include but 
are not limited to F(ab') fragments, which can be generated 
by pepsin digestion of an intact antibody molecule, and Fab 
fragments, which can be generated by reducing the disulfide 
bridges of the F(ab')2 fragments. Alternatively, Fab expres 
sion libraries can be constructed (Huse et al., Science 1989; 
246: 1275-1281) to allow rapid identification of Fab frag 
ments having the desired specificity to the particular NPC1L1 
protein. 
0140 Techniques for the production and isolation of 
monoclonal antibodies and antibody fragments are known in 
the art, and are generally described, among other places, in 
Harlow and Lane, Antibodies: A Laboratory Manual, Cold 
Spring Harbor Laboratory, 1988, and in Goding, Monoclonal 
Antibodies. Principles and Practice, Academic Press, Lon 
don, 1986. The art also provides recombinant expression 
systems in bacteria and yeast, enabling the production of 
functional antibodies that are analogous to those normally 
found in vertebrate systems. (Skerra et al. (1988) Science 
240:1038-1041, Better et al. (1988) Science 240: 1041-1043, 
and Bird et al. (1988) Science 242:423-426, Horwitz et al. 
(1989) Proc. Natl. Acad. Sci. USA. 85:8678-82.) Antibodies 
or antibody fragments can be used in methods known in the 
art relating to the localization and activity of NPC1L1, e.g., in 
Western blotting, in situ imaging, measuring levels thereof in 
appropriate physiological samples, etc. Immunoassay tech 
niques using antibodies include radioimmunoassay, ELISA 
(enzyme-linked immunosorbant assay), 'sandwich’ immu 
noassays, immunoradiometric assays, gel diffusion precipi 
tation reactions, immunodiffusion assays, in situ immunoas 
says (using, e.g., colloidal gold, enzyme or radioisotope 
labels), precipitation reactions, agglutination assays (e.g., gel 
agglutination assays, hemagglutination assays), complement 
fixation assays, immunofluorescence assays, protein A 
assays, and immunoelectrophoresis assays, etc. Antibodies 
can also be used in microarrays (see, e.g., International PCT 
Publication No. WO 00/04389). Furthermore, antibodies can 
be used as therapeutics to inhibit the activity of a NPC1L1 
protein. 
0141 Recent advances in antibody engineering have 
allowed the genes encoding antibodies to be manipulated, so 
that antigen-binding molecules can be expressed within 
mammalian cells. Application of gene technologies to anti 
body engineering has enabled the synthesis of single-chain 
fragment variable (scFv) antibodies that combine within a 
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single polypeptide chain the light and heavy chain variable 
domains of an antibody molecule covalently joined by a pre 
designed peptide linker. Intracellular antibody (or “intra 
body') strategy serves to target molecules involved in essen 
tial cellular pathways for modification or ablation of protein 
function. Antibody genes for intracellular expression can be 
derived, e.g., either from murine or human monoclonal anti 
bodies or from phage display libraries. For intracellular 
expression, Small recombinant antibody fragments contain 
ing the antigen recognizing and binding regions can be used. 
Intrabodies can be directed to different intracellular compart 
ments by targeting sequences attached to the antibody frag 
mentS. 

0.142 Various methods have been developed to produce 
intrabodies. Techniques described for the production of 
single chain antibodies (see, e.g., U.S. Pat. Nos. 5,476.786; 
5,132,405; and 4.946,778) can be adapted to produce 
polypeptide-specific single chain antibodies. Another method 
called intracellular antibody capture (IAC), is based on a 
genetic screening approach (Tanaka et al., Nucleic Acids Res. 
2003:31: e23). Using this technique, consensus immunoglo 
bulin variable frameworks are identified that can form the 
basis of intrabody libraries for direct screening. The proce 
dure comprises in vitro production of a single antibody gene 
fragment from oligonucleotides and diversification of CDRs 
of the immunoglobulin variable domain by mutagenic PCR to 
generate intrabody libraries. This method obviates the need 
for invitro production of antigen for pre-selection of antibody 
fragments, and also yields intrabodies with enhanced intrac 
ellular stability. 
0.143 Intrabodies can be used to modulate cellular physi 
ology and metabolism through a variety of mechanisms, 
including blocking, stabilizing, or mimicking protein-protein 
interactions, by altering enzyme function, or by diverting 
proteins from their usual intracellular compartments. Intra 
bodies can be directed to the relevant cellular compartments 
by modifying the genes that encode them to specify N- or 
C-terminal polypeptide extensions for providing intracellu 
lar-trafficking signals. 

NPC1L1 Applications 
014.4 NPC1L1 polynucleotides and polypeptides of the 
present invention are useful for a variety of purposes, includ 
ing for use in cell-based or non-cell-based assays to identify 
molecules that interact with NPC1L1 relevant to its in vivo 
function, to screen for compounds that bind to NPC1L1 and 
modulate its expression and/or activity and are therefore use 
ful as therapeutic compounds to treat or prevent NPC1L1 
mediated diseases or disorders as described herein, or as 
antigens to raise polyclonal or monoclonal antibodies, as 
described below. Such antibodies can be used as therapeutic 
agents to modulate the activity of NPC1L1 activity, or as 
diagnostic reagents, e.g., using standard techniques such as 
Western blot assays or immunostaining, to screen for 
NPC1L1 protein expression levels in cell, tissue or fluid 
samples collected from a subject. 
0145 A polypeptide of the present invention can be modi 
fied at the protein level to improve or otherwise alter its 
biological or immunological characteristics. One or more 
chemical modifications of the polypeptide can be carried out 
using known techniques to prepare analogs therefrom, 
including but not limited to any of the following: substitution 
of one or more L-amino acids of the polypeptide with corre 
sponding D-amino acids, amino acid analogs, or amino acid 
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mimics, so as to produce, e.g., carbazates or tertiary centers; 
or specific chemical modification, such as, e.g., proteolytic 
cleavage with trypsin, chymotrypsin, papain or V8 protease, 
or treatment with NaBH or cyanogen bromide, or acetyla 
tion, formylation, oxidation or reduction, etc. Alternatively or 
additionally, a polypeptide of the present invention can be 
modified by genetic recombination techniques. 
0146 A polypeptide of the present invention can be 
derivatized, by conjugation thereto of one or more chemical 
groups, including but not limited to acetyl groups, Sulfur 
bridging groups, glycosyl groups, lipids, and phosphates, 
and/or by conjugation to a second polypeptide of the present 
invention, or to another protein, Such as, e.g., serum albumin, 
keyhole limpet hemocyanin, or commercially activated BSA, 
or to a polyamino acid (e.g., polylysine), or to a polysaccha 
ride, (e.g., Sepharose, agarose, or modified or unmodified 
celluloses), among others. Such conjugation is preferably by 
covalent linkage atamino acid side chains and/or at the N-ter 
minus or C-terminus of the polypeptide. Methods for carrying 
out Such conjugation reactions are known in the field of 
protein chemistry. 
0147 Derivatives useful in practicing the claimed inven 
tion also include those in which a water-soluble polymer such 
as, e.g., polyethylene glycol, is conjugated to a polypeptide of 
the present invention, or to an analog or derivative thereof, 
thereby providing additional desirable properties while 
retaining, at least in part, the immunogenicity of the polypep 
tide. These additional desirable properties include, e.g., 
increased solubility in aqueous solutions, increased Stability 
in storage, increased resistance to proteolytic degradation, 
and increased in vivo half-life. Water-soluble polymers suit 
able for conjugation to a polypeptide of the present invention 
include but are not limited to polyethylene glycol homopoly 
mers, polypropylene glycol homopolymers, copolymers of 
ethylene glycol with propylene glycol, wherein said 
homopolymers and copolymers are unsubstituted or Substi 
tuted at one end with an alkyl group, polyoxyethylated poly 
ols, polyvinyl alcohol, polysaccharides, polyvinyl ethyl 
ethers, and C.B-poly 2-hydroxyethyl-DL-aspartamide. 
Polyethylene glycol is particularly preferred. Methods for 
making water-soluble polymer conjugates of polypeptides 
are known in the art and are described, among other places, in 
U.S. Pat. Nos. 3,788,948; 3,960,830; 4,002,531; 4,055,635; 
4,179,337; 4,261,973; 4,412,989: 4,414,147; 4,415,665; 
4,609.546; 4,732,863; and 4,745,180: European Patent (EP) 
152,847; EP 98,110; and Japanese Patent 5,792,435; which 
patents are incorporated herein by reference. 

Targeted Mutation of the NPC1L1 Gene 
0148 Based on the present disclosure of polynucleotide 
molecules, genetic constructs can be prepared for use in dis 
abling or otherwise mutating a mammalian NPC1L1 gene. 
For example, the mouse NPC1L1 gene can be mutated using 
an appropriately designed genetic construct in combination 
with genetic techniques currently known or to be developed in 
the future. In another instance, the mouse NPC1L1 gene can 
be mutated using a genetic construct that functions to: (i) 
delete all or a portion of the coding sequence or regulatory 
sequence of the NPC1L1 gene; (ii) replace all or a portion of 
the coding sequence or regulatory sequence of the NPC1L1 
gene with a different nucleotide sequence; (iii) insert into the 
coding sequence or regulatory sequence of the NPC1L1 gene 
one or more nucleotides, or an oligonucleotide molecule, or 
polynucleotide molecule, which can comprise a nucleotide 
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sequence from the same species or from a heterologous 
Source; or (iv) carry out some combination of (i), (ii) and (iii). 
0.149 Cells, tissues and animals that are mutated for the 
NPC1L1 gene are useful for a number of purposes, such as 
further studying the biological function of NPC1L1, and con 
ducting screens to identify therapeutic compounds that selec 
tively modulate NPC1L1 expression and/or activity. In a pre 
ferred embodiment, the mutation serves to partially or 
completely disable the NPC1L1 gene, or partially or com 
pletely disable the protein encoded by the NPC1L1 gene. In 
this context, a NPC1L1 gene or protein is considered to be 
partially or completely disabled if either no protein product is 
made (for example, where the gene is deleted), or a protein 
product is made that can no longer carry out its normal bio 
logical function or can no longer be transported to its normal 
cellular location, or a protein product is made that carries out 
its normal biological function but at a significantly reduced 
level. 
0150. In a non-limiting embodiment, a genetic construct 
of the present invention is used to mutate a wild-type NPC1L1 
gene by replacement of at least a portion of the coding or 
regulatory sequence of the wild-type gene with a different 
nucleotide sequence Such as, e.g., a mutated coding sequence 
or mutated regulatory region, or portion thereof. A mutated 
NPC1L1 gene sequence for use in Such a genetic construct 
can be produced by any of a variety of known methods, 
including by use of error-prone PCR, or by cassette mutagen 
esis. For example, oligonucleotide-directed mutagenesis can 
be employed to alter the coding or regulatory sequence of a 
wild-type NPC1L1 gene in a defined way, e.g., to introduce a 
frame-shift or a termination codon at a specific point within 
the sequence. A mutated nucleotide sequence for use in the 
genetic construct of the present invention can be prepared by 
insertion into the coding or regulatory (e.g., promoter) 
sequence of one or more nucleotides, oligonucleotide mol 
ecules or polynucleotide molecules, or by replacement of a 
portion of the coding sequence or regulatory sequence with 
one or more different nucleotides, oligonucleotide molecules 
or polynucleotide molecules. Such oligonucleotide mol 
ecules or polynucleotide molecules can be obtained from any 
naturally occurring Source or can be synthetic. The inserted 
sequence can serve simply to disrupt the reading frame of the 
NPC1L1 gene, or can further encode a heterologous gene 
product Such as a selectable marker. 
0151. In one embodiment, NPC1L1 can be mutated in the 
transmembrane-spanning region, putative sterol sensing 
domain, amino-terminal NPC1 domain domain, and/or 
ER/Goli targeting signal. 
0152 Mutations to produce modified cells, tissues and 
animals that are useful in practicing the present invention can 
occur anywhere in the NPC1L1 gene, including the open 
reading frame, the promoter or other regulatory region, or any 
other portion of the sequence that naturally comprises the 
gene or ORF. Such cells include mutants in which a modified 
form of the NPC1L1 protein normally encoded by the 
NPC1L1 gene is produced, or in which no protein normally 
encoded by the NPC1L1 gene is produced. Such cells can be 
null, conditional or leaky mutants. 
0153. Alternatively, a genetic construct can comprise 
nucleotide sequences that naturally flank the NPC1L1 gene or 
ORF in situ, with only a portion or no nucleotide sequences 
from the actual coding region of the gene itself. Such a genetic 
construct can be useful to delete the entire NPC1L1 gene or 
ORF. 
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0154 Methods for carrying out homologous gene replace 
ment are known in the art. For targeted gene mutation through 
homologous recombination, the genetic construct is prefer 
ably a plasmid, either circular or linearized, comprising a 
mutated nucleotide sequence as described above. In a non 
limiting embodiment, at least about 200 nucleotides of the 
mutated sequence are used to specifically direct the genetic 
construct of the present invention to the particular targeted 
NPC1L1 gene for homologous recombination, although 
shorter lengths of nucleotides may also be effective. In addi 
tion, the plasmid preferably comprises an additional nucle 
otide sequence encoding a reporter gene product or other 
selectable marker constructed so that it will insert into the 
genome in operative association with the regulatory element 
sequences of the native NPC1L1 gene to be disrupted. 
Reporter genes that can be used in practicing the invention are 
known in the art, and include those encoding CAT, green 
fluorescent protein, and B-galactosidase, among others. 
Nucleotide sequences encoding selectable markers are also 
known in the art, and include those that encode gene products 
conferring resistance to antibiotics oranti-metabolites, or that 
Supply an auxotrophic requirement. 
0155. In view of the present disclosure, methods that can 
be used for creating the genetic constructs of the present 
invention will be apparent, and can include in vitro recombi 
nant techniques, synthetic techniques, and in vivo genetic 
recombination, as described, among other places, in Ausubel 
et al., 1989, above; Sambrook et al., 1989, above; Innis et al., 
1995, above; and Erlich, 1992, above. 
0156 Mammalian cells can be transformed with a genetic 
construct of the present invention in accordance with known 
techniques, such as, e.g., by electroporation. Selection of 
transformants can be carried out using standard techniques, 
Such as by selecting for cells expressing a selectable marker 
associated with the construct. Identification of transformants 
in which a successful recombination event has occurred and 
the particular target gene has been disabled can be carried out 
by genetic analysis. Such as by Southern blot analysis, or by 
Northern analysis to detect a lack of mRNA transcripts 
encoding the particular protein, or by the appearance of cells 
lacking the particular protein, as determined, e.g., by immu 
nological analysis, or some combination thereof. 
0157. The present invention thus provides modified mam 
malian cells in which the native NPC1L1 gene has been 
mutated. The present invention further provides modified 
animals in which the NPC1L1 gene has been mutated. 

Genetically Modified Animals 

0158 Genetically modified animals can be produced for 
studying the biological function of the NPC1L1 of the present 
invention in vivo and for screening and/or testing candidate 
compounds, e.g., inhibitors, such as antisense nucleic acids, 
shRNAs, siRNAs, or ribozymes, small molecules, or antibod 
ies, for their ability to affect, e.g., inhibit, the expression 
and/or activity of NPC1L1 as potential therapeutics for treat 
ing disorders of lipid metabolism, such as hyperlipidemia, 
e.g., hypercholesterolemia, obesity, type II diabetes, cardio 
vascular disease, and stroke. Other candidate compounds, 
e.g., NPC1L1 agonists, may be identified and/or tested for 
their ability to enhance or increase the expression and/or 
activity of NPC1L1 as potential therapeutics for treating dis 
orders such as anorexia, cachexia, and wasting, using the 
genetically modified animals described herein. 
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0159. To investigate the function of NPC1L1 in vivo in 
animals, NPC1L1-encoding polynucleotides or NPC1L1-in 
hibiting antisense nucleic acids, shRNAs, siRNAs, or 
ribozymes can be introduced into test animals, such as mice 
or rats, using, e.g., viral vectors or naked nucleic acids. Alter 
natively, transgenic animals can be produced. Specifically, 
“knock-in animals with the endogenous NPC1L1 gene sub 
stituted with a heterologous gene oran ortholog from another 
species or a mutated NPC1L1 gene, or “knockout' animals 
with NPC1L1 gene partially or completely inactivated, or 
transgenic animals expressing or overexpressing a wild-type 
or mutated NPC1L1 gene (e.g., upon targeted or random 
integration into the genome) can be generated. 
0160 NPC1L1-encoding nucleic acids can be introduced 
into animals using viral delivery systems. Exemplary viruses 
for production of delivery vectors include without limitation 
adenovirus, herpesvirus, retroviruses, vaccinia virus, and 
adeno-associated virus (AAV). See, e.g., Becker et al., Meth. 
Cell Biol. 1994; 43:161-89: Douglas and Curiel, Science & 
Medicine 1997; 4: 44-53: Yeh and Perricaudet, FASEB J. 
1997: 11: 615-623; Kuo et al., Blood 1993; 82: 845; Markow 
itz et al., J. Virol. 1988: 62: 1120; Mann et al., Cell 1983:33: 
153: U.S. Pat. Nos. 5,399,346; 4,650,764; 4,980,289; 5,124, 
263; and International Publication No. WO95/07358. 
0.161. In an alternative method, a NPC1L1-encoding 
nucleic acid can be introduced by liposome-mediated trans 
fection, a technique that provides certain practical advan 
tages, including the molecular targeting of liposomes to spe 
cific cells. Directing transfection to particular cell types (also 
possible with viral vectors) is particularly advantageous in a 
tissue with cellular heterogeneity, Such as the brain, pancreas, 
liver, and kidney. Lipids may be chemically coupled to other 
molecules for the purpose of targeting. Targeted peptides 
(e.g., hormones or neurotransmitters), proteins such as anti 
bodies, or non-peptide molecules can be coupled to lipo 
Somes chemically. 
0162. In another embodiment, target cells can be removed 
from an animal, and a nucleic acid can be introduced as a 
naked construct. The transformed cells can be then re-im 
planted into the body of the animal. Naked nucleic acid con 
structs can be introduced into the desired host cells by meth 
ods known in the art, e.g., transfection, electroporation, 
microinjection, transduction, cell fusion, DEAE dextran, cal 
cium phosphate precipitation, use of a gene gun or use of a 
DNA vector transporter. See, e.g., Wu et al., J. Biol. Chem. 
1992: 267:963-7: Wu et al., J. Biol. Chem. 1988: 263: 14621 
4 

0163. In yet another embodiment, NPC1L1-encoding 
nucleic acids can be introduced into animals by injecting 
naked plasmid DNA containing a NPC1L1-encoding nucleic 
acid sequence into the tail vein of animals, in particular mam 
mals (Zhang et al., Hum. Gen. Ther. 1999, 10:1735-7). This 
injection technique can also be used to introduce siRNA 
targeted to NPC1L1 into animals, in particular mammals 
(Lewis et al., Nature Genetics 2002, 32: 105-106). 
0.164 AS specified above, transgenic animals can also be 
generated. Methods of making transgenic animals are well 
known in the art (for transgenic mice see Gene Targeting. A 
Practical Approach, 2" Ed., Joyner ed., IRL Press at Oxford 
University Press, New York, 2000, Manipulating the Mouse 
Embryo. A Laboratory Manual, Nagy et al. eds., Cold Spring 
Harbor Press, New York, 2003, Teratocarcinomas and 
Embryonic Stem Cells. A Practical Approach, Robertson ed., 
IRL Press at Oxford University Press, 1987; Transgenic Ani 
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mal Technology: A Laboratory Handbook, Pinkert ed., Aca 
demic Press, New York, 1994; Hogan, Manipulating the 
Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1986; Brinster et al., Proc. Nat. Acad. 
Sci. USA 1985: 82: 4438-4442; Capecchi, Science 1989: 244: 
1288-1292; Joyner et al., Nature 1989; 338: 153-156: U.S. 
Pat. Nos. 4.736,866; 4,870,009; 4,873,191; for particle bom 
bardment see U.S. Pat. No. 4,945,050; for transgenic rats see, 
e.g., Hammer et al., Cell 1990; 63: 1099-11 12; for non-rodent 
transgenic mammals and other animals see, e.g., Pursel et al., 
Science 1989: 244: 1281-1288 and Simms et al., Bio/Tech 
nology 1988; 6: 179-183; and for culturing of embryonic stem 
(ES) cells and the Subsequent production of transgenic ani 
mals by the introduction of DNA into ES cells using methods 
Such as electroporation, calcium phosphate/DNA precipita 
tion and direct injection see, e.g., Teratocarcinomas and 
Embryonic Stem Cells, A Practical Approach, Robertson ed., 
IRL Press, 1987). Clones of the nonhuman transgenic ani 
mals can be produced according to available methods (see 
e.g., Wilmut et al., Nature 1997; 385: 810-813 and Interna 
tional Publications No. WO 97/07668 and WO 97/07669). 
0.165. In one embodiment, the transgenic animal is a 
“knockout' animal having a heterozygous or homozygous 
alteration in the sequence of an endogenous NPC1L1 gene 
that results in a decrease of NPC1L1 function, preferably 
such that NPC1L1 expression is undetectable or insignificant. 
Knockout animals are typically generated by homologous 
recombination with a vector comprising a transgene having at 
least a portion of the gene to be knocked out. Typically a 
deletion, addition or substitution has been introduced into the 
transgene to functionally disrupt it. 
0166 Knockout animals can be prepared by any method 
known in the art (see, e.g., Snouwaert et al., Science 1992: 
257: 1083; Lowell et al., Nature 1993; 366: 740-42; Capec 
chi, Science 1989: 244: 1288-1292; Palmiter et al., Ann. Rev. 
Genet. 1986; 20: 465-499; Bradley, Current Opinion in Bio/ 
Technology 1991: 2: 823-829; and International Publications 
No. WO 90/11354, WO 91/01140, WO 92/0968, and WO 
93/04169). Preparation of a knockout animal typically 
requires first introducing a nucleic acid construct (a "knock 
out construct”), that will be used to decrease or eliminate 
expression of a particular gene, into an undifferentiated cell 
type termed an embryonic stem (ES) cell. The knockout con 
struct is typically comprised of: (i) DNA from a portion (e.g., 
an exon sequence, intron sequence, promoter sequence, or 
Some combination thereof) of a gene to be knocked out; and 
(ii) a selectable marker sequence used to identify the presence 
of the knockout construct in the ES cell. The knockout con 
struct is typically introduced (e.g., electroporated or micro 
injected) into ES cells so that it can homologously recombine 
with the genomic DNA of the cell in a double crossover event. 
This recombined ES cell can be identified (e.g., by Southern 
hybridization or PCR reactions that show the genomic alter 
ation) and is then injected into a mammalian embryo at the 
blastocyst stage. In a preferred embodiment where the knock 
out animal is a mammal, a mammalian embryo with inte 
grated ES cells is then implanted into a foster mother for the 
duration of gestation (see, e.g., Zhou et al., Genes and Dev. 
1995; 9:2623-34). 
0167. In a specific embodiment, the knockout vector is 
designed Such that, upon homologous recombination, the 
endogenous NPC1L1-related gene is functionally disrupted 
(i.e., no longer encodes a functional protein). Alternatively, 
the vector can be designed Such that, upon homologous 
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recombination, the endogenous NPC1L1-related gene is 
mutated or otherwise altered but still encodes functional pro 
tein (e.g., the upstream regulatory region can be altered to 
thereby alter the expression of the NPC1L1-related polypep 
tide). In the homologous recombination vector, the altered 
portion of NPC1L1-related gene is preferably flanked at its 5' 
and 3' ends by additional nucleic acid of the NPC1L1-related 
gene to allow for homologous recombination to occur 
between the exogenous NPC1L1-related gene carried by the 
vector and an endogenous NPC1L1-related gene in an embry 
onic stem cell. The additional flanking NPC1L1-related 
nucleic acid is of sufficient length for Successful homologous 
recombination with the endogenous gene. Typically, several 
kilobases of flanking DNA (at both the 5' and 3' ends) are 
included in the vector (see, e.g., Thomas and Capecchi, Cell 
1987: 51:503). The vector is introduced into an ES cell line 
(e.g., by electroporation), and cells in which the introduced 
NPC1L1-related gene has homologously recombined with 
the endogenous NPC1L1-related gene are selected (see, e.g., 
Li et al., Cell 1992: 69: 915). The selected cells are then 
injected into a blastocyst of an animal (e.g., a mouse) to form 
aggregation chimeras (see, e.g., Bradley, in Teratocarcino 
mas and Embryonic Stem Cells: A Practical Approach, Rob 
ertson ed., IRL, Oxford, 1987, pp. 113-152). A chimeric 
embryo can then be implanted into a suitable pseudopregnant 
female foster animal and the embryo brought to term. Prog 
eny harboring the homologously recombined DNA in their 
germ cells can be used to breed animals in which all cells of 
the animal contain the homologously recombined DNA by 
germline transmission of the transgene. 
0.168. The phenotype of knockout animals can be predic 
tive of the in vivo function of the gene and of the effects or 
lack of effect of its antagonists or agonists. Knockout animals 
can also be used to study the effects of the NPC1L1 protein in 
models of disease, including, hyperlipidemia and other lipid 
mediated disorders. In a specific embodiment, knockout ani 
mals, such as mice harboring the NPC1L1 gene knockout, 
may be used to produce antibodies against the heterologous 
NPC1L1 protein (e.g., human NPC1L1) (Claesson et al., 
Scan. J. Immunol. 1994; 0: 257-264; Declerck et al., J. Biol. 
Chem. 1995: 270: 8397-400). 
0169 Genetically modified animals expressing or harbor 
ing NPC1L1-specific antisense polynucleotides, shRNA, 
siRNA, or ribozymes can be used analogously to knockout 
animals described above. 

(0170. In another embodiment of the invention, the trans 
genic animal is an animal having an alteration in its genome 
that results in altered expression (e.g., increased or decreased 
expression) of the NPC1L1 gene, e.g., by introduction of 
additional copies of NPC1L1 gene in various parts of the 
genome, or by operatively inserting a regulatory sequence 
that provides for altered expression of an endogenous copy of 
the NPC1L1 gene. Such regulatory sequences include induc 
ible, tissue-specific, and constitutive promoters and enhancer 
elements. Suitable promoters include metallothionein, albu 
min (Pinkert et al., Genes Dev. 1987: 1: 268-76), and K-14 
keratinocyte (Vassar et al., Proc. Natl. Acad. Sci. USA 1989; 
86: 1563-1567) gene promoters. Overexpression or underex 
pression of the wild-type NPC1L1 polypeptide, polypeptide 
fragment or a mutated version thereof may alter normal cel 
lular processes, resulting in a phenotype that identifies a 
tissue in which NPC1L1 expression is functionally relevant 
and may indicate a therapeutic target for the NPC1L1, its 
agonists or antagonists. For example, a transgenic test animal 
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can be engineered to overexpress or underexpress a full 
length NPC1L1 sequence, which may result in a phenotype 
that shows similarity with human diseases. 
0171 Transgenic animals can also be produced that allow 
for regulated (e.g., tissue-specific) expression of the trans 
gene. One example of such a system that may be produced is 
the Cre-Lox recombinase system of bacteriophage P1 (Lakso 
et al., Proc. Natl. Acad. Sci. USA 1992: 89: 6232-6236; U.S. 
Pat. Nos. 4.959,317 and 5,801,030). If the Cre-Lox recombi 
nase system is used to regulate expression of a transgene, 
animals containing transgenes encoding both the Cre recom 
binase and a selected protein are required. Such animals can 
be provided through the construction of “double transgenic 
animals, e.g., by mating two transgenic or gene-targeted ani 
mals, one containing a transgene encoding a selected protein 
or containing a targeted allele (e.g., a loXP flanked exon), and 
the other containing a transgene encoding a recombinase 
(e.g., a tissue-specific expression of Cre recombinase). 
Another example of a recombinase system is the FLP recom 
binase system of Saccharomyces cerevisiae (O’Gorman et al., 
Science 1991: 251: 1351-1355; U.S. Pat. No. 5,654,182). In 
another embodiment, both Cre-Lox and Flp-Frt are used in 
the same system to regulate expression of the transgene, and 
for sequential deletion of vector sequences in the same cell 
(Sun et al., Nat. Genet. 2000; 25: 83-6). Regulated transgenic 
animals can be also prepared using the tet-repressor System 
(see, e.g., U.S. Pat. No. 5,654,168). 
0172. The in vivo function of NPC1L1 can be also inves 
tigated through making "knock-in' animals. In Such animals 
the endogenous NPC1L1 gene can be replaced, e.g., by a 
heterologous gene, by a NPC1L1 ortholog or by a mutated 
NPC1L1 gene. See, for example, Wang et al., Development 
1997: 124: 2507-2513; Zhuang et al., Mol. Cell. Biol. 1998: 
18:3340-3349; Geng et al., Cell 1999;97: 767-777; Baudoin 
et al., Genes Dev. 1998: 12: 1202-1216. Thus, a non-human 
transgenic animal can be created in which: (i) a human 
ortholog of the non-human animal NPC1L1 gene has been 
stably inserted into the genome of the animal; and/or (ii) the 
endogenous non-human animal NPC1L1 gene has been 
replaced with its human counterpart (see, e.g., Coffman, 
Semin. Nephrol. 1997: 17: 404: Esther et al., Lab. Invest. 
1996: 74: 953: Murakami et al., Blood Press. Suppl. 1996; 2: 
36). In one aspect of this embodiment, a human NPC1L1 gene 
inserted into the transgenic animal is the wild-type human 
NPC1L1 gene. In another aspect, the NPC1L1 gene inserted 
into the transgenic animal is a mutated form or a variant of the 
human NPC1L1 gene. 
0173 Included within the scope of the present invention 
are transgenic animals, preferably mammals (e.g., mice) in 
which, in addition to the NPC1L1 gene, one or more addi 
tional genes (preferably, associated with hyperlipidemia or 
related disorders) have been knocked out, or knocked in, or 
overexpressed. Such animals can be generated by repeating 
the procedures set forth herein for generating each construct, 
or by breeding two animals of the same species (each with a 
different single gene manipulated) to each other, and screen 
ing for those progeny animals having the desired genotype. 

Inhibition of NPC1L1 

0.174 As specified above, the NPC1L1-encoding nucleic 
acid molecules of the can be used to inhibit the expression of 
NPC1L1 genes (e.g., by inhibiting transcription, splicing, 
transport, or translation or by promoting degradation of cor 
responding mRNAs). Specifically, the nucleic acid molecules 
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of the invention can be used to "knock down' or "knockout' 
the expression of the NPC1L1 genes in a cell or tissue (e.g., in 
an animal model or in cultured cells) by using their sequences 
to design antisense oligonucleotides, RNA interference 
(RNAi) molecules, ribozymes, nucleic acid molecules to be 
used in triplex helix formation, etc. Preferred methods to 
inhibit gene expression are described below. 
(0175. In one embodiment the transcription of NPC1L1 
mRNA is inhibited by targeting NPC1L1 promoter transcrip 
tion factors using an agonist or antagonist to these factors. In 
this embodiment the specific agonist or antagonist is identi 
fied by its ability to downregulate the expression of a reporter 
gene (such as luciferase or green fluorescence protein) driven 
by the promoter for NPC1L1, e.g., the mouse, rat or human 
promoter. 
(0176 RNA Interference (RNAi). RNA interference 
(RNAi) is a process of sequence-specific post-transcriptional 
gene silencing by which double stranded RNA (dsRNA) 
homologous to a target locus can specifically inactivate gene 
function in plants, fungi, invertebrates, and vertebrates, 
including mammals (Hammond et al., Nature Genet. 2001; 2: 
110-119: Sharp, Genes Dev. 1999; 13: 139-141). This 
dsRNA-induced gene silencing is mediated by short double 
stranded small interfering RNAs (siRNAs) generated from 
longer dsRNAs by ribonuclease III cleavage (Bernstein et al., 
Nature 2001: 409: 363-366 and Elbashir et al., Genes Dev. 
2001; 15: 188-200). RNAi-mediated gene silencing is 
thought to occur via sequence-specific mRNA degradation, 
where sequence specificity is determined by the interaction of 
an siRNA with its complementary sequence within a target 
mRNA (see, e.g., Tuschl, Chem. Biochem. 2001; 2: 239-245). 
0177. For mammalian systems, RNAi commonly involves 
the use of dsRNAs that are greater than 500 bp; however, it 
can also be activated by introduction of either siRNAs (El 
bashir, et al., Nature 2001; 411: 494-498) or short hairpin 
RNAs (shRNAs) bearing a fold back stem-loop structure 
(Paddison et al., Genes Dev. 2002; 16:948-958; Sui et al., 
Proc. Natl. Acad. Sci. USA 2002; 99: 5515-5520; Brum 
melkamp et al., Science 2002; 296: 550-553; Paul et al., 
Nature Biotechnol. 2002:20: 505-508). 
(0178. The siRNAs to be used in the methods of the present 
invention are preferably short double stranded nucleic acid 
duplexes comprising annealed complementary single 
Stranded nucleic acid molecules. In preferred embodiments, 
the siRNAs are short dsRNAs comprising annealed comple 
mentary single strand RNAs. However, the invention also 
encompasses embodiments in which the siRNAS comprise an 
annealed RNA:DNA duplex, wherein the sense strand of the 
duplex is a DNA molecule and the antisense strand of the 
duplex is a RNA molecule. In one embodiment, an siRNA of 
the invention is set forth as SEQID NO: 23 or SEQID NO: 
24. 
0179 Preferably, each single stranded nucleic acid mol 
ecule of the siRNA duplex is of from about 19 nucleotides to 
about 27 nucleotides in length. In preferred embodiments, 
duplexed siRNAs have a 2 or 3 nucleotide 3' overhang on each 
strand of the duplex. In preferred embodiments, siRNAs have 
5'-phosphate and 3'-hydroxyl groups. 
0180. The RNAi molecules to be used in the methods of 
the present invention comprise nucleic acid sequences that 
are complementary to the nucleic acid sequence of a portion 
of the target locus. In certain embodiments, the portion of the 
target locus to which the RNAi probe is complementary is at 
least about 15 nucleotides in length. In preferred embodi 



US 2009/0035784 A1 

ments, the portion of the target locus to which the RNAi probe 
is complementary is at least about 19 nucleotides in length. 
The target locus to which an RNAi probe is complementary 
may representa transcribed portion of the NPC1L1 gene oran 
untranscribed portion of the NPC1L1 gene (e.g., intergenic 
regions, repeat elements, etc.). 
0181. The RNAi molecules may include one or more 
modifications, either to the phosphate-Sugar backbone or to 
the nucleoside. For example, the phosphodiester linkages of 
natural RNA may be modified to include at least one heteroa 
tom other than oxygen, Such as nitrogen or Sulfur. In this case, 
for example, the phosphodiester linkage may be replaced by 
a phosphothioester linkage. Similarly, bases may be modified 
to block the activity of adenosine deaminase. Where the 
RNAi molecule is produced synthetically, or by in vitro tran 
Scription, a modified ribonucleoside may be introduced dur 
ing synthesis or transcription. 
0182. According to the present invention, siRNAs may be 
introduced to a target cell as an annealed duplex siRNA, or as 
single stranded sense and anti-sense nucleic acid sequences 
that, once within the target cell, anneal to form the siRNA 
duplex. Alternatively, the sense and anti-sense Strands of the 
siRNA may be encoded on an expression construct that is 
introduced to the target cell. Upon expression within the 
target cell, the transcribed sense and antisense Strands may 
anneal to reconstitute the siRNA. 

0183 The shRNAs to be used in the methods of the present 
invention comprise a single stranded "loop” region connect 
ing complementary inverted repeat sequences that anneal to 
form a double stranded “stem region. Structural consider 
ations for shRNA design are discussed, for example, in 
McManus et al., RNA 2002; 8: 842-850. In certain embodi 
ments the shRNA may be a portion of a larger RNA molecule, 
e.g., as part of a larger RNA that also contains U6 RNA 
sequences (Paul et al., Supra). 
0184. In preferred embodiments, the loop of the shRNA is 
from about 1 to about 9 nucleotides in length. In preferred 
embodiments the double stranded stem of the shRNA is from 
about 19 to about 33 base pairs in length. In preferred embodi 
ments, the 3' end of the shRNA stem has a 3' overhang. In 
particularly preferred embodiments, the 3' overhang of the 
shRNA stem is from 1 to about 4 nucleotides in length. In 
preferred embodiments, shRNAs have 5'-phosphate and 
3'-hydroxyl groups. 
0185. Although the RNAi molecules useful according to 
the invention preferably contain nucleotide sequences that are 
fully complementary to a portion of the target locus, 100% 
sequence complementarity between the RNAi probe and the 
target locus is not required to practice the invention. 
0186 RNA molecules useful for RNAi may be chemically 
synthesized, for example using appropriately protected ribo 
nucleoside phosphoramidites and a conventional DNA/RNA 
synthesizer. RNAs produced by such methodologies tend to 
be highly pure and to anneal efficiently to form siRNA 
duplexes or shRNA hairpin stem-loop structures. Following 
chemical synthesis, single stranded RNA molecules are 
deprotected, annealed to form siRNAs or shRNAs, and puri 
fied (e.g., by gel electrophoresis or HPLC). 
0187. Alternatively, standard procedures may used for in 
vitro transcription of RNA from DNA templates carrying 
RNA polymerase promoter sequences (e.g., T7 or SP6 RNA 
polymerase promoter sequences). Efficient in vitro protocols 
for preparation of siRNAs using T7 RNA polymerase have 
been described (Donze and Picard, Nucleic Acids Res. 2002: 
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30: e46; and Yu et al., Proc. Natl. Acad. Sci. USA 2002; 99: 
6047-6052). Similarly, an efficient in vitro protocol for prepa 
ration of shRNAs using T7 RNA polymerase has been 
described (Yu et al., Supra). The sense and antisense tran 
Scripts may be synthesized in two independent reactions and 
annealed later, or may be synthesized simultaneously in a 
single reaction. 
0188 RNAi molecules may be formed within a cell by 
transcription of RNA from an expression construct intro 
duced into the cell. For example, both a protocol and an 
expression construct for in vivo expression of siRNAs are 
described in Yu et al., Supra. Similarly, protocols and expres 
sion constructs for in vivo expression of shRNAs have been 
described (Brummelkamp et al., Supra; Sui et al., Supra; Yu et 
al., Supra; McManus et al., Supra; Paul et al., Supra). 
0189 The expression constructs for in vivo production of 
RNAi molecules comprise RNAi encoding sequences oper 
ably linked to elements necessary for the proper transcription 
of the RNAi encoding sequence(s), including promoter ele 
ments and transcription termination signals. Preferred pro 
moters for use in Such expression constructs include the poly 
merase-IIIHI-RNA promoter (see, e.g., Brummelkamp et al., 
Supra) and the U6 polymerase-III promoter (see, e.g., Sui et 
al., supra; Paul, et al. Supra; and Yu et al., supra). The RNAi 
expression constructs can further comprise vector sequences 
that facilitate the cloning of the expression constructs. Stan 
dard vectors that maybe used in practicing the current inven 
tion are known in the art (e.g., pSilencer 2.0-U6 vector, 
Ambion Inc., Austin, Tex.). 
0.190 Antisense Nucleic Acids. In a specific embodiment, 
to achieve inhibition of expression of a NPC1 L1 gene, the 
nucleic acid molecules of the invention can be used to design 
antisense oligonucleotides. An antisense oligonucleotide is 
typically 18 to 25 bases in length (but can be as short as 13 
bases in length) and is designed to bind to a selected NPC1L1 
mRNA. This binding prevents expression of that specific 
NPC1L1 protein. The antisense oligonucleotides of the 
invention comprise at least 6 nucleotides and preferably com 
prise from 6 to about 50 nucleotides. In specific aspects, the 
antisense oligonucleotides comprise at least 10 nucleotides, 
at least 15 nucleotides, at least 25, at least 30, at least 100 
nucleotides, or at least 200 nucleotides. 
0191 The antisense nucleic acid oligonucleotides of the 
invention comprise sequences complementary to at least a 
portion of the corresponding NPC1L1 mRNA. However, 
100% sequence complementarity is not required so long as 
formation of a stable duplex (for single stranded antisense 
oligonucleotides) or triplex (for double stranded antisense 
oligonucleotides) can be achieved. The ability to hybridize 
will depend on both the degree of complementarity and the 
length of the antisense oligonucleotides. Generally, the 
longer the antisense oligonucleotide, the more base mis 
matches with the corresponding mRNA can be tolerated. One 
skilled in the art can ascertain a tolerable degree of mismatch 
by use of standard procedures to determine the melting point 
of the hybridized complex. 
0.192 The antisense oligonucleotides can be DNA or RNA 
or chimeric mixtures, or derivatives or modified versions 
thereof, and can be single-stranded or double-stranded. The 
antisense oligonucleotides can be modified at the base moi 
ety, Sugar moiety, or phosphate backbone, or a combination 
thereof. For example, a NPC1L1-specific antisense oligo 
nucleotide can comprise at least one modified base moiety 
selected from a group including but not limited to 5-fluorou 
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racil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxan 
thine, Xanthine, 4-acetylcytosine, 5-(carboxyhydroxylm 
ethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D- 
galactosylqueosine, inosine, N6-isopentenyladenine, 1-me 
thylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-me 
thyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N6-adenine, 7-methylguanine, 5-methy 
laminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, 5-methoxycarboxymethyluracil, 
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-5-oxyacetic acid (v), pseudouracil, queosine, 2-thiocy 
tosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5- 
oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2- 
carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 
0193 In another embodiment, the NPC1L1-specific anti 
sense oligonucleotide comprises at least one modified Sugar 
moiety, e.g., a Sugar moiety selected from arabinose, 2-fluo 
roarabinose, Xylulose, and hexose. 
0194 In yet another embodiment, the NPC1L1-specific 
antisense oligonucleotide comprises at least one modified 
phosphate backbone selected from a phosphorothioate, a 
phosphorodithioate, a phosphoramidothioate, a phosphora 
midate, a phosphordiamidate, a methylphosphonate, an alkyl 
phosphotriester, and a formacetal or analog thereof. 
0.195 The antisense oligonucleotide can include other 
appending groups such as peptides, or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et al., 
Proc. Natl. Acad. Sci. USA 1989: 86: 6553-6556; Lemaitreet 
al., Proc. Natl. Acad. Sci. USA 1987: 84: 648-652: PCT Pub 
lication No. WO 88/09810) or blood-brain barrier (see, e.g., 
PCT Publication No. WO 89/10134), hybridization-triggered 
cleavage agents (see, e.g., Krolet al., BioTechniques 1988; 6: 
958-976), intercalating agents (see, e.g., Zon, Pharm. Res. 
1988: 5: 539-549), etc. 
0196. In another embodiment, the antisense oligonucle 
otide can include O-anomeric oligonucleotides. An O-ano 
meric oligonucleotide forms specific double-stranded 
hybrids with complementary RNA in which, contrary to the 
usual B-units, the strands run parallel to each other (Gautier et 
al., Nucl. Acids Res. 1987; 15:6625-6641). 
0197) In yet another embodiment, the antisense oligo 
nucleotide can be a morpholino antisense oligonucleotide 
(i.e., an oligonucleotide in which the bases are linked to 
6-membered morpholine rings, which are connected to other 
morpholine-linked bases via non-ionic phosphorodiamidate 
intersubunit linkages). Morpholino oligonucleotides are 
resistant to nucleases and act by Sterically blocking transcrip 
tion of the target mRNA. 
0198 Similar to the above-described RNAi molecules, the 
antisense oligonucleotides of the invention can be synthe 
sized by Standard methods known in the art, e.g., by use of an 
automated synthesizer. Antisense nucleic acid oligonucle 
otides of the invention can also be produced intracellularly by 
transcription from an exogenous sequence. For example, a 
vector can be introduced in vivo such that it is taken up by a 
cell within which the vector or a portion thereof is transcribed 
to produce an antisense RNA. Such a vector can remain 
episomal or become chromosomally integrated, so long as it 
can be transcribed to produce the desired antisense RNA. 
Such vectors can be constructed by recombinant DNA tech 
nology methods standard in the art. Vectors can be plasmid, 
viral, or others known in the art, used for replication and 

Feb. 5, 2009 

expression in mammalian cells. In another embodiment, 
“naked' antisense nucleic acids can be delivered to adherent 
cells via “scrape delivery', whereby the antisense oligonucle 
otide is added to a culture of adherent cells in a culture vessel, 
the cells are scraped from the walls of the culture vessel, and 
the scraped cells are transferred to another plate where they 
are allowed to re-adhere. Scraping the cells from the culture 
vessel walls serves to pull adhesion plaques from the cell 
membrane, generating Small holes that allow the antisense 
oligonucleotides to enter the cytosol. 
0199 The present invention thus provides a method for 
inhibiting the expression of a NPC1L1 gene in a eukaryotic, 
preferably mammalian, and more preferably rat, mouse or 
human cell, comprising providing the cell with an effective 
amount of a NPC1L1-inhibiting antisenseoligonucleotide. 
0200 Ribozyme Inhibition. In another embodiment, the 
expression of NPC1L1 genes of the present invention can be 
inhibited by ribozymes designed based on the nucleotide 
sequence thereof. Ribozyme molecules catalytically cleave 
mRNA transcripts and can be used to prevent expression of 
the gene product. Ribozymes are enzymatic RNA molecules 
capable of catalyzing the sequence-specific cleavage of RNA 
(for a review, see Rossi, Current Biology 1994; 4: 469-471). 
The mechanism of ribozyme action involves sequence-spe 
cific hybridization of the ribozyme molecule to complemen 
tary target RNA, followed by an endonucleolytic cleavage 
event. The composition of ribozyme molecules must include: 
(i) one or more sequences complementary to the target gene 
mRNA; and (ii) a catalytic sequence responsible for mRNA 
cleavage (see, e.g., U.S. Pat. No. 5,093.246). 
0201 According to the present invention, the use of ham 
merhead ribozymes is preferred. Hammerhead ribozymes 
cleave mRNAS at locations dictated by flanking regions that 
form complementary base pairs with the target mRNA. The 
sole requirement is that the target mRNA has the following 
sequence of two bases: 5'-UG-3'. The construction of ham 
merhead ribozymes is known in the art, and described more 
fully in Myers, Molecular Biology and Biotechnology: A 
Comprehensive Desk Reference, VCH Publishers, New York, 
1995 (see especially FIG. 4, page 833) and in Haseloff and 
Gerlach, Nature 1988; 334:585-591. 
0202 Preferably, the ribozymes of the present invention 
are engineered so that the cleavage recognition site is located 
near the 5' end of the corresponding mRNA, i.e., to increase 
efficiency and minimize the intracellular accumulation of 
non-functional mRNA transcripts. 
0203 As in the case of RNAi and antisense oligonucle 
otides, ribozymes of the invention can be composed of modi 
fied oligonucleotides (e.g., for improved stability, targeting, 
etc.). These can be delivered to mammalian cells, and prefer 
ably mouse, rat, or human cells, which express the target 
NPC1L1 protein in vivo. A preferred method of delivery 
involves using a DNA construct “encoding the ribozyme 
under the control of a strong constitutive pol III or pol II 
promoter, so that transfected cells will produce sufficient 
quantities of the ribozyme to destroy endogenous mRNA 
encoding the protein and inhibit translation. Because 
ribozymes, unlike antisense molecules, are catalytic, a lower 
intracellular concentration may be required to achieve an 
adequate level of efficacy. 
0204 Ribozymes can be prepared by any method known 
in the art for the synthesis of DNA and RNA molecules, as 
discussed above. Ribozyme technology is described further 
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in Intracellular Ribozyme Applications: Principals and Pro 
tocols, Rossi and Couture eds., Horizon Scientific Press, 
1999. 
0205 Triple Helix Formation. Nucleic acid molecules 
useful to inhibit NPC1L1 gene expression via triple helix 
formation are preferably composed of deoxynucleotides. The 
base composition of these oligonucleotides is typically 
designed to promote triple helix formation via Hoogsteen 
base pairing rules, which generally require sizeable stretches 
of either purines or pyrimidines to be present on one strand of 
a duplex. Nucleotide sequences may be pyrimidine-based, 
resulting in TAT and CGC triplets across the three associated 
strands of the resulting triple helix. The pyrimidine-rich mol 
ecules provide base complementarity to a purine-rich region 
of a single strand of the duplex in a parallel orientation to that 
Strand. In addition, nucleic acid molecules may be chosen that 
are purine-rich, e.g., those containing a stretch of G residues. 
These molecules will form a triple helix with a DNA duplex 
that is rich in GC pairs, in which the majority of the purine 
residues are located on a single strand of the targeted duplex, 
resulting in GGC triplets across the three strands in the tri 
plex. 
0206 Alternatively, sequences can be targeted for triple 
helix formation by creating a so-called “switchback” nucleic 
acid molecule. Switchback molecules are synthesized in an 
alternating 5'-3',3'-5' manner, such that they base pair with 
first one strand of a duplex and then the other, eliminating the 
necessity for a sizeable stretch of either purines or pyrim 
idines to be present on one strand of a duplex. 
0207 Similarly to NPC1L1-specific RNAi, antisense oli 
gonucleotides, and ribozymes, triple helix molecules of the 
invention can be prepared by any method known in the art. 
These include techniques for chemically synthesizing oli 
godeoxyribonucleotides and oligoribonucleotides such as, 
e.g., Solid phase phosphoramidite chemical synthesis. Alter 
natively, RNA molecules can be generated by in vitro or in 
vivo transcription of DNA sequences “encoding the particu 
lar RNA molecule. Such DNA sequences can be incorporated 
into a wide variety of vectors that incorporate suitable RNA 
polymerase promoters such as the T7 or SP6 polymerase 
promoters. 

Other NPC1L1 Antagonists 

0208 NPC1L1 inhibitors also include small molecules 
inhibitors. For example, several NPC1L1 inhibitors have 
been identified and are set forth in Example 10. These inhibi 
tors include, for example, 4-phenyl-4-piperidinecarbonitrile 
hydrochloride, 1-butyl-N-(2,6-dimethylphenyl)-2 piperidin 
ecarboxamide, 1-(1-naphthylmethyl)piperazine, 31-(2- 
methylphenyl)aminoethylidene-2,4(3H, 5H)-thiophenedi 
one, 3 (1-(2-hydroxyphenyl)aminoethylidene-2,4(3H, 
5H)-thiophenedione, 2-acetyl-3-(2-methylphenyl)amino 
2-cyclopenten-1-one, 3-(4-methoxyphenyl)amino-2-me 
thyl-2-cyclopenten-1-one, 3-(2-methoxyphenyl)amino-2- 
methyl-2-cyclopenten-1-one, and N-(4-acetylphenyl)-2- 
thiophenecarboxamide, or derivatives thereof. Additional 
NPC1L1 antagonists, e.g., Small molecule antagonists, may 
be identified using, for example, the assays described herein. 

Diagnostic Methods 

0209. A variety of methods can be employed for the diag 
nostic evaluation of lipid disorders. Such as hyperlipidemia 
and other diseases and disorders associated with or mediated 
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by NPC1L1, such as obesity, type II diabetes, cardiovascular 
disease, and stroke, and for the identification and evaluation 
of Subjects experiencing or at risk for developing hyperlipi 
demia, e.g., cholesterolemia and NPC1L1-associated condi 
tions such as obesity, type II diabetes, cardiovascular disease, 
and stroke. These methods may also be employed for the 
diagnostic evaluation of diseases and disorders associated 
with decreased NPC1L1 such as anorexia, cachexia, and 
wasting. 
0210. These methods may utilize reagents such as the 
polynucleotide molecules and oligonucleotides of the present 
invention. The methods may alternatively utilize a NPC1L1 
protein or a fragment thereof, or an antibody or antibody 
fragment that binds specifically to a NPC1L1 protein. Such 
reagents can be used for: (i) the detection of either an over- or 
an under-expression of the NPC1L1 gene relative to its 
expression in an unaffected State (e.g., in a Subject or indi 
vidual not having a disease or disorder associated with or 
mediated by NPC1L1); or (ii) the detection of either an 
increase or a decrease in the level of the NPC1L1 protein 
relative to its level in an unaffected state; or (iii) the detection 
of an aberrant NPC1L1 gene product activity relative to the 
unaffected state; or (iv) the mislocalization of vesicular pro 
teins such as caveolin or annexin. 
0211. In a preferred embodiment, a diagnostic method of 
the present invention utilizes quantitative hybridization (e.g., 
quantitative in situ hybridization, Northern blot analysis or 
microarray hybridization) or quantitative PCR (e.g., Taq 
Man(R) using a NPC1L1-specific nucleic acid of the inven 
tion as a hybridization probe and PCR primers, respectively. 
0212. The present invention also provides a method for 
detecting cells which may have altered lipid or glucose 
metabolism in a test cell Subjected to a treatment or stimulus 
or Suspected of having been Subjected to a treatment or stimu 
lus, said method comprising: 
(a) determining the expression level in the test cell of a nucleic 
acid molecule encoding a NPC1L1 protein; and 
(b) comparing the expression level of the NPC1L1-encoding 
nucleic acid molecule in the test cell to the expression level of 
the same nucleic acid molecule in a control cell not subjected 
to a treatment or stimulus; 
wherein a detectable change in the expression level of the 
NPC1L1-encoding nucleic acid molecule in the test cellcom 
pared to the expression level of the NPC1L1-encoding 
nucleic acid molecule in the control cell indicates that the test 
cell may have altered lipid or glucose metabolism. 
0213. According to the present invention, the detectable 
change in the expression level is any statistically significant 
change and preferably at least a 1.5-fold change as measured 
by any available technique such as hybridization or quantita 
tive PCR (see the Definitions Section, above). 
0214. The test and control cells are preferably the same 
type of cells from the same species and tissue, and can be any 
cells useful for conducting this type of assay where a mean 
ingful result can be obtained. Any cell type in which a 
NPC1L1-encoding nucleic acid molecule is ordinarily 
expressed, or in which a NPC1L1-encoding nucleic acid is 
expressed in connection with a treatment or stimulus affect 
ing lipid or glucose metabolism may be used. For example, 
the test cell can be any cell derived from a tissue of an 
organism experiencing hyperlipidemia or another disease or 
disorder associated with or mediated by NPC1L1. Alterna 
tively, the test cell can be any cell grown in vitro under 
specific conditions. When the test cell is derived from a tissue 
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of an organism experiencing hyperlipidemia or another dis 
ease or disorder associated with or mediated by NPC1L1, it 
may or may not be known to be located in the region associ 
ated with disorder. 

0215. In one embodiment, the test and control cells are 
cells from the gastrointestinal system. Preferably, the testand 
control cells are enterocyte cells from the epithelium of the 
small intestine. The test and control cells can be derived from 
any appropriate organism, but are preferably human or mouse 
cells. In a specific embodiment, the test and control cells are 
from an animal model of lipid pathogenesis (e.g., a mouse 
model of hyperlipidemia) or any related disorder (e.g., obe 
sity, cardiovascular disease, or diabetes) and may or may not 
be isolated from that animal model. In another embodiment, 
the first cell is from a Subject, such as a human or companion 
animal, for which the test is being conducted to determine the 
state of lipid or glucose metabolism that Subject, and the 
second cell is an appropriate control cell. The first cell may or 
may not be isolated from the subject being tested. Both the 
test cell and the control cell must have the ability to express 
NPC1 L1. 

0216. The control cell can be any cell which is known to 
have not been Subjected to any treatment or stimulus associ 
ated with lipid or glucose metabolism. Preferably, the control 
cell is otherwise similar and treated identically to the test cell. 
For example, when the test cell is derived from a tissue of an 
animal experiencing hyperlipidemia or another disease or 
disorder associated with or mediated by NPC1L1, the control 
cell can be derived from an identical tissue or body part of a 
different animal from, preferably, the same species (or, alter 
natively, a closely related species) which animal is not expe 
riencing hyperlipidemia or another disease or disorder asso 
ciated with or mediated by NPC1L1. Alternatively, the 
control cell can be derived from an identical tissue or body 
part of the same animal from which the test cells are derived. 
However if this is the case, it should be established that the 
identical tissue or body part has not been Subjected to any 
treatment or stimulus associated with lipid or glucose 
metabolism within the timeframe of the experiment. When 
the test cell is a cell grown in vitro under specific conditions, 
the control cell can be a similar cell grown in vitro in identical 
conditions but in the absence of the treatment or stimulus. 

0217. In one embodiment, the test cell has been exposed to 
a treatment or stimulus that simulates or mimics a lipid 
related condition prior to determining the expression level of 
the nucleic acid molecule encoding the NPC1L1 protein, and 
the control cell is useful as an appropriate comparator cell to 
allow a determination of whether or not the test cell is exhib 
iting a lipid response. For example, where the test cell has 
been exposed to a treatment or stimulus that is, or that simu 
lates or mimics, hyperlipidemia or another disease or disorder 
associated with or mediated by NPC1L1, the control cell has 
not been exposed to such a treatment or stimulus. In another 
embodiment, the test cell has been exposed to a compound 
that is being tested to determine whether it simulates or mim 
ics hyperlipidemia or another disease or disorder associated 
with or mediated by NPC1L1. 
0218. In one embodiment, the nucleic acid molecule the 
expression of which is being determined according to this 
method encodes a mammalian NPC1L1 polypeptide. In a 
specific embodiment, the nucleic acid molecule encodes a 
mouse NPC1L1 polypeptide comprising the amino acid 
sequence of SEQID NO:3. 
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0219. In one embodiment, the expression level of the 
nucleic acid molecule in each of the test and control cells is 
determined by quantifying the amount of NPC1L1-encoding 
mRNA present in the two cells. In another embodiment, the 
expression level of the nucleic acid molecule in each of the 
testand control cells is determined by quantifying the amount 
ofNPC1L1 protein present in each of the two cells. Where the 
test cell has a detectable change in the expression level of the 
NPC1L1-encoding nucleic acid molecule compared to the 
expression level of the NPC1L1-encoding nucleic acid mol 
ecule in the control cell, a lipid response in the test cell has 
been detected. 
0220 To assay levels of a NPC1L1-encoding nucleic acid 
in a sample, a variety of standard nucleic acid isolation and 
quantification methods can be employed. As specified above, 
in a preferred embodiment, a diagnostic method of the present 
invention utilizes quantitative hybridization (e.g., quantita 
tive in situ hybridization, Northern blot analysis or microar 
ray hybridization) or quantitative PCR (e.g., TaqMan(R) using 
NPC1L1-specific nucleic acids of the invention as hybridiza 
tion probes and PCR primers, respectively. 
0221. In PCR-based assays, gene expression can be mea 
sured after extraction of cellular mRNA and preparation of 
cDNA by reverse transcription (RT). A sequence within the 
cDNA can then be used as a template for a nucleic acid 
amplification reaction. Nucleic acid molecules of the present 
invention can be used to design NPC1L1-specific RT and 
PCR oligonucleotide primers (such as, e.g., SEQ ID NOS: 
4-7). Preferably, the oligonucleotideprimers are at least about 
9 to about 30 nucleotides in length. The amplification can be 
performed using, e.g., radioactively labeled or fluorescently 
labeled nucleotides, for detection. Alternatively, enough 
amplified product may be made such that the product can be 
visualized simply by standard ethidium bromide or other 
staining methods. 
0222 A preferred PCR-based detection method of the 
present invention is quantitative real time PCR (e.g., Taq 
Man(R) technology, Applied Biosystems, Foster City, Calif.). 
This method is based on the observation that there is a quan 
titative relationship between the amount of the starting target 
molecule and the amount of PCR product produced at any 
given cycle number. Real time PCR detects the accumulation 
of amplified product during the reaction by detecting a fluo 
rescent signal produced proportionally during the amplifica 
tion of a PCR product. 
0223 For more details on quantitative real time PCR, see 
Gibson et al., Genome Res. 1996; 6:995-1001; Heid et al., 
Genome Res. 1996; 6:986-994: Livak et al., PCR Methods 
Appl. 1995; 4:357-362; Holland et al., Proc. Natl. Acad. Sci. 
USA 1991; 88: 7276-7280. 
0224 SYBR Green Dye PCR (Molecular Probes, Inc., 
Eugene, Oreg.), competitive PCR as well as other quantitative 
PCR techniques can also be used to quantify NPC1L1 gene 
expression according to the present invention. 
0225 NPC1L1 gene expression detection assays of the 
invention can also be performed in situ (e.g., directly upon 
sections of fixed or frozen tissue collected from a subject, 
thereby eliminating the need for nucleic acid purification). 
Nucleic acid molecules of the invention or portions thereof 
can be used as labeled probes or primers for such in situ 
procedures (see, e.g., Nuovo, PCR in situ Hybridization: 
Protocols And Application, Raven Press, New York, 1992). 
Alternatively, if a Sufficient quantity of the appropriate cells 
can be obtained, standard quantitative Northern analysis can 
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be performed to determine the level of gene expression using 
the nucleic acid molecules of the invention orportions thereof 
as labeled probes. 
0226 For in vitro cell cultures or in vivo animal models, 
the diagnostic reagents of the invention can be used in screen 
ing assays as Surrogates lipid condition to identify com 
pounds that affect expression of the NPC1L1 gene. For 
example, probes for the mouse NPC1L1 gene can be used for 
diagnosing individuals Suspected of having a condition asso 
ciated with abnormal lipid or glucose metabolism, and also 
for monitoring the effectiveness therapy used to treat Such 
condition. 
0227 Various techniques can be used to measure the levels 
of NPC1L1 protein in a sample, including the use of anti 
NPC1L1 antibodies or antibody fragments described above. 
For example, anti-NPC1L1 antibodies or antibody fragments 
can be used to screen test compounds to identify those com 
pounds that can modulate NPC1L1 protein production. For 
example, anti-NPC1L1 antibodies orantibody fragments can 
be used to detect the presence of the NPC1L1 proteinby, e.g., 
immunofluorescence techniques employing a fluorescently 
labeled antibody coupled with light microscopic, flow cyto 
metric or fluorimetric detection methods. Such techniques are 
particularly preferred for detecting the presence of the 
NPC1L1 protein on the surface of cells. In addition, protein 
isolation methods such as those described by Harlow and 
Lane (Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y., 1988) can also 
be employed to measure the levels of NPC1L1 protein in a 
sample. 
0228 Antibodies or antigen-binding fragments thereof 
may also be employed histologically, e.g., in immunofluores 
cence or immunoelectron microscopy techniques, for in situ 
detection of the NPC1L1 protein. In situ detection may be 
accomplished by, e.g., removing a tissue sample from a 
patient and applying to the tissue sample a labeled antibody or 
antibody fragment of the present invention. This procedure 
can be used to detect both the presence of the NPC1L1 protein 
and its distribution in the tissue. Additionally, antibodies or 
antigen-binding fragments may be used to detect NPC1L1 
protein in the serum of cells, tissues, or animals that produce 
NPC1L1 protein. 

Screening Methods 
0229. The present invention further provides a method for 
identifying a lead compound useful for modulating the 
expression of a NPC1L1-encoding nucleic acid, said method 
comprising: 
(a) contacting a first cell with a test compound for a time 
period sufficient to allow the cell to respond to said contact 
with the test compound; 
(b) determining the expression level of a NPC1L1-encoding 
nucleic acid molecule in the cell prepared in step (a); and 
(c) comparing the expression level of the NPC1L1-encoding 
nucleic acid molecule determined in step (b) to the expression 
level of the NPC1L1-encoding nucleic acid molecule in a 
second (control) cell that has not been contacted with the test 
compound; 
wherein a detectable change in the expression level of the 
NPC1L1-encoding nucleic acid molecule in the first cell in 
response to contact with the test compound compared to the 
expression level of the NPC1L1-encoding nucleic acid mol 
ecule in the second (control) cell that has not been contacted 
with the test compound, indicates that the test compound 
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modulates the expression of the NPC1L1-encoding nucleic 
acid and is a candidate compound for the treatment of a 
disorder associated with abnormal lipid or glucose metabo 
lism. 
0230. In one embodiment, the candidate compound 
decreases the expression of the NPC1L1-encoding nucleic 
acid molecule. In another embodiment, the candidate com 
pound increases the expression of the NPC1L1-encoding 
nucleic acid molecule. In another embodiment, the first and 
second cells are incubated under conditions that induce the 
expression of a NPC1L1-encoding nucleic acid molecule, but 
the test compound is tested for its ability to inhibit or reduce 
the induction of such expression in the first cell. In another 
embodiment, the first and second cells are incubated under 
conditions that induce the expression of a NPC1L1-encoding 
nucleic acid molecule, but the test compound is tested for its 
ability to potentiate the induction of such expression in the 
first cell. 
0231. The test compound can be, without limitation, a 
Small organic or inorganic molecule, a polypeptide (including 
an antibody, antibody fragment, or other immunospecific 
molecule), an oligonucleotide molecule, a polynucleotide 
molecule, or a chimera or derivative thereof. Test compounds 
that specifically bind to a NPC1L1-encoding nucleic acid 
molecule or to a NPC1L1 protein of the present invention can 
be identified, for example, by high-throughput Screening 
(HTS) assays, including cell-based and cell-free assays, 
directed against individual protein targets. Several methods 
of automated assays that have been developed in recent years 
enable the screening of tens of thousands of compounds in a 
short period of time (see, e.g., U.S. Pat. Nos. 5,585,277. 
5,679,582, and 6,020,141). Such HTS methods are particu 
larly preferred. 
0232. The first and second cells are preferably the same 
types of cells, and can be any cells useful for conducting this 
type of assay where a meaningful result can be obtained. Such 
cells can be prokaryotic, but are preferably eukaryotic. Such 
eukaryotic cells are preferably mammalian cells, and more 
preferably mouse or human cells. Both the first and second 
cell must have the ability to express NPC1L1. In one non 
limiting embodiment, the first and second cells are cells that 
have been genetically modified to express or over-express a 
NPC1L1 nucleic acid molecule. In another non-limiting 
embodiment, the first and second cells are cells that express a 
NPC1L1 nucleic acid molecule, either naturally (e.g., cells 
lining the Small intestine) or in response to an appropriate 
stimulus. In one embodiment, the first and second cells have 
been exposed to a condition or stimulus that is, or that simu 
lates or mimics, a lipid condition prior to, or at the same time 
as, exposing the cells to the test compound to determine the 
effect of the test compound on the expression level of the 
nucleic acid molecule encoding the NPC1L1 polypeptide. 
0233. In one embodiment, the first and second cells are 
from an animal model of a disease or disorder associated with 
or mediated by NPC1L1 (e.g., mouse model of hypercholes 
tolemia, obesity, diabetes, stroke or cardiovascular disease), 
and may or may not be isolated from that animal model. In 
another embodiment, the first cell is from a subject, such as a 
human or companion animal, and the second cell is an appro 
priate control cell. The first cell may or may not be isolated 
from the subject being tested. 
0234. In one embodiment, the nucleic acid molecule the 
expression of which is being determined according to this 
method encodes a mammalian NPC1L1 polypeptide. In a 
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specific embodiment, the nucleic acid molecule encodes a 
mouse NPC1L1 polypeptide. In another embodiment, the 
mouse NPC1L1 polypeptide comprises the amino acid 
sequence of SEQID NO:3. 
0235. The expression level of the nucleic acid molecule in 
each of the first and second cells can be determined by quan 
tifying and comparing the amount of NPC1L1-encoding 
mRNA present in each of the first and second cells. Alterna 
tively, the expression level of the nucleic acid molecule in 
each of the first and second cells can be determined by quan 
tifying and comparing the amount of NPC1L1 protein present 
in the first and second cells. Where the first cell has a detect 
able change in the expression level of the nucleic acid encod 
ing a NPC1L1 protein compared to the expression level of the 
nucleic acid encoding the NPC1L1 protein in the second cell, 
the test compound is identified as a candidate compound 
useful for modulating the expression of a NPC1L1-encoding 
nucleic acid. 
0236. The present invention also provides a method for 
identifying a candidate compound that modulates an 
NPC1L1 polypeptide. In one embodiment, the present inven 
tion provides a method for identifying a ligand or other bind 
ing partner to the NPC1L1 protein of the present invention, 
which comprises bringing a labeled test compound in contact 
with the NPC1L1 protein or a fragment thereof and measur 
ing the amount of the labeled test compound bound to the 
NPC1L1 protein or to the fragment thereof. 
0237. In another embodiment, the present invention pro 
vides a method for identifying a ligand or other binding 
partner to the NPC1L1 protein of the present invention, which 
comprises bringing a labeled test compound in contact with 
cells or cell membrane fraction containing the NPC1L1 pro 
tein, and measuring the amount of the labeled test compound 
bound to the cells or the membrane fraction. 

0238. In yet a third embodiment, the present invention 
provides a method for identifying a ligand or other binding 
partner to the NPC1L1 polypeptide of the present invention, 
which comprises culturing a transfected cell containing the 
DNA encoding the NPC1L1 protein under conditions that 
permit or induce expression of the NPC1L1 protein, bringing 
a labeled test compound in contact with the NPC1L1 protein 
expressed on a membrane of said cell, and measuring the 
amount of the labeled test compound bound to the NPC1L1 
protein. 
0239 For example, the ligand or binding partner of the 
NPC1L1 protein of the present invention can be determined 
by the following procedures. First, a standard NPC1L1 prepa 
ration can be prepared by Suspending cells or membranes 
containing the NPC1L1 protein in a buffer appropriate for use 
in the determination method. Any buffer can be used so long 
as it does not inhibit the ligand-NPC1L1 binding. Such buff 
ers include, e.g., a phosphate buffer or a Tris-HCl buffer 
having pH of 4 to 10 (preferably pH of 6 to 8). For the purpose 
of minimizing non-specific binding, a Surfactant Such as 
CHAPS, Tween-80TM (manufactured by Kao-Atlas Inc.), 
digitonin or deoxycholate, and various proteins such as 
bovine serum albuminor gelatin, may optionally be added to 
the buffer. For the purpose of Suppressing degradation of the 
NPC1L1 or ligand by proteases, a protease inhibitor such as 
PMSF, leupeptin, E-64 (manufactured by Peptide Institute, 
Inc.) and pepstatin can be added. A given amount (e.g., 5,000 
to 500,000 cpm) of the test compound labeled with H. 
'I', ''C), S or the like can be added to about 0.01 ml to 
10 ml of the solution containing NPC1L1. To determine the 
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amount of non-specific binding (NSB), a reaction tube con 
taining an unlabeled test compound in a large excess is also 
prepared. The reaction is carried out at about 0 to 50° C. 
preferably about 4 to 37°C. for about 20 minutes to about 24 
hours, preferably about 30 minutes to about 3 hours. After 
completion of the reaction, the cells or membranes containing 
any bound ligand are separated, e.g., the reaction mixture is 
filtered through glass fiber filter paper and washed with an 
appropriate volume of the same buffer. The residual radioac 
tivity on the glass fiber filter paper can be measured by means 
of a liquid Scintillation counter or w-counter. A test compound 
exceeding 0 cpm obtained by subtracting NSB from the total 
binding (B) (B minus NSB) may be selected as a ligand or 
binding partner of the NPC1L1 protein of the present inven 
tion. 
0240 Additionally, any of a variety of known methods for 
detecting protein-protein interactions may also be used to 
detect and/or identify proteins that bind to a NPC1L1 gene 
product. For example, co-immunoprecipitation, chemical 
cross-linking and yeast two-hybrid systems as well as other 
techniques known in the art may be employed. As an example 
in a yeast two-hybrid assay, a host cell harbors a construct that 
expresses a NPC1L1 protein or fragment thereof fused to a 
DNA binding domain and another construct that expresses a 
potential binding-partner fused to an activation domain. The 
host cell also includes a reporter gene that is expressed in 
response to binding of the NPC1L1 protein-partner complex 
(formed as a result of binding of binding-partner to the 
NPC1L1 protein) to an expression control sequence opera 
tively associated with the reporter gene. Reporter genes for 
use in the yeast two-hybrid assay of the invention encode 
detectable proteins, including, but by no means limited to, 
chloramphenicol transferase (CAT), B galactosidase (B gal), 
luciferase, green fluorescent protein (GFP), alkaline phos 
phatase, and other genes that can be detected, e.g., immuno 
logically (by antibody assay). See the Mammalian MATCH 
MAKERTwo-HybridAssay Kit User Manual from Clontech 
(Palo Alto, Calif.) for further details on mammalian two 
hybrid methods. 
0241 All of the screening methods described herein can 
be modified for use in high-throughput screening, e.g., using 
microarrays. 

Microarrays 

0242 Protein arrays. Protein arrays are solid-phase, ligand 
binding assay systems using immobilized proteins on Sur 
faces that are selected from glass, membranes, microtiter 
wells, mass spectrometer plates, and beads or other particles. 
The ligand binding assays using these arrays are highly par 
allel and often miniaturized. Their advantages are that they 
are rapid, can be automated, are capable of high sensitivity, 
are economical in their use of reagents, and provide an abun 
dance of data from a single experiment. 
0243 Automated multi-well formats are the best-devel 
oped HTS systems. Automated 96-well plate-based screening 
systems are the most widely used. The current trend in plate 
based screening systems is to reduce the Volume of the reac 
tion wells further, thereby increasing the density of the wells 
per plate (96 wells to 384 wells, and 1,536 wells per plate). 
The reduction in reaction Volumes results in increased 
throughput, dramatically decreased bioreagent costs, and a 
decrease in the number of plates that need to be managed by 
automation. For a description of protein arrays that can be 
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used for HTS, see, e.g., U.S. Pat. Nos. 6,475,809; 6,406,921; 
and 6,197,599; and International Publications No. WO 
OO/O4389 and WOOO/O7024. 

0244. For construction of arrays, sources of proteins 
include cell-based expression systems for recombinant pro 
teins, purification from natural sources, production in vitro by 
cell-free translation systems, and synthetic methods for pep 
tides. For capture arrays and protein function analysis, it is 
important that proteins are correctly folded and functional. 
This is not always the case, e.g., where recombinant proteins 
are extracted from bacteria under denaturing conditions, 
whereas other methods (isolation of natural proteins, cell free 
synthesis) generally retain functionality. However, arrays of 
denatured proteins can still be useful in Screening antibodies 
for cross-reactivity, identifying auto-antibodies, and select 
ing ligand binding proteins. 
0245. The immobilization method used should be repro 
ducible, applicable to proteins of different properties (size, 
hydrophilic, hydrophobic), amenable to high throughput and 
automation, and compatible with retention of fully functional 
protein activity. Both covalent and non-covalent methods of 
protein immobilization can be used. Substrates for covalent 
attachment include, e.g., glass slides coated with amino- or 
aldehyde-containing silane reagents (Telechem). In the Ver 
salinxTM system (Prolinx), reversible covalent coupling is 
achieved by interaction between the protein derivatized with 
phenyldiboronic acid, and salicylhydroxamic acid immobi 
lized on the Support surface. Covalent coupling methods pro 
viding a stable linkage can be applied to a range of proteins. 
Non-covalent binding of unmodified protein occurs within 
porous structures such as HydroGelTM (PerkinElmer), based 
on a 3-dimensional polyacrylamide gel. 
0246 Cell-Based Arrays. Cell-based arrays combine the 
technique of cell culture in conjunction with the use of fluidic 
devices for measurement of cell response to test compounds 
in a sample of interest, screening of samples for identifying 
molecules that induce a desired effect in cultured cells, and 
selection and identification of cell populations with novel and 
desired characteristics. High-throughput Screens (HTS) can 
be performed on fixed cells using fluorescent-labeled anti 
bodies, biological ligands and/or nucleic acid hybridization 
probes, or on live cells using multicolor fluorescent indicators 
and biosensors. The choice of fixed or live cell screens 
depends on the specific cell-based assay required. 
0247 There are numerous single- and multi-cell-based 
array techniques known in the art. Recently developed tech 
niques such as micro-patterned arrays (described, e.g., in 
International PCT Publications WO 97/.45730 and WO 
98/38490) and microfluidic arrays provide valuable tools for 
comparative cell-based analysis. Transfected cell microar 
rays are a complementary technique in which array features 
comprise clusters of cells overexpressing defined cDNAs. 
Complementary DNAs cloned in expression vectors are 
printed on microscope slides, which become living arrays 
after the addition of a lipid transfection reagent and adherent 
mammalian cells (Bailey et al., Drug Discov. Today 2002: 
7(18 Suppl): S113-8). Cell-based arrays are described in 
detail in, e.g., Beske, Drug Discov. Today 2002; 7(18 Suppl): 
S131-5: Sundberg et al., Curr. Opin. Biotechnol. 2000: 11: 
47-53; Johnston et al., Drug Discov. Today 2002; 7:353-63: 
U.S. Pat. Nos. 6,406,840 and 6,103,479, and U.S. published 
patent application No. 2002/0197656. For cell-based assays 
specifically used to Screen for modulators of ligand-gated ion 
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channels, see Mattheakis et al., Curr. Opin. Drug Discov. 
Devel. 2001; 1: 124-34; and Baxter et al., J. Biomol. Screen. 
2002; 7: 79-85. 
0248 For detection of molecules using screening assays, a 
molecule (e.g., an antibody or polynucleotide probe) can be 
detectably labeled with an atom (e.g., radionuclide), detect 
able molecule (e.g., fluorescein), or complex that, due to its 
physical or chemical property, serves to indicate the presence 
of the molecule. A molecule can also be detectably labeled 
when it is covalently bound to a “reporter molecule (e.g., a 
biomolecule Such as an enzyme) that acts on a substrate to 
produce a detectable product. Detectable labels suitable for 
use in the present invention include any composition detect 
able by spectroscopic, photochemical, biochemical, immu 
nochemical, electrical, optical or chemical means. Labels 
useful in the present invention include, but are not limited to, 
biotin for staining with labeled avidin or streptavidin conju 
gate, magnetic beads (e.g., Dynabeads M), fluorescent dyes 
(e.g., fluorescein, fluorescein-isothiocyanate (FITC), Texas 
red, rhodamine, green fluorescent protein, enhanced green 
fluorescent protein, lissamine, phycoerythrin, Cy2, Cy3, Cy3. 
5, Cy5, Cy5.5, Cy7, Fluor XAmersham), SyBR Green I & II 
Molecular Probes, and the like), radiolabels (e.g., 3H, 125I, 
35S, 14C, or 32P), enzymes (e.g., hydrolases, particularly 
phosphatases Such as alkaline phosphatase, esterases and gly 
cosidases, or oxidoreductases, particularly peroxidases Such 
as horse radish peroxidase, and the like), Substrates, cofac 
tors, inhibitors, chemiluminescent groups, chromogenic 
agents, and colorimetric labels such as colloidal gold or col 
ored glass or plastic (e.g., polystyrene, polypropylene, latex, 
etc.) beads. Examples of patents describing the use of Such 
labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939, 
350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. 
0249 Means of detecting such labels are knownto those of 
skill in the art. For example, radiolabels and chemilumines 
cent labels can be detected using photographic film or Scin 
tillation counters; fluorescent markers can be detected using a 
photo-detector to detect emitted light (e.g., as in fluores 
cence-activated cell sorting); and enzymatic labels can be 
detected by providing the enzyme with a substrate and detect 
ing, e.g., a colored reaction product produced by the action of 
the enzyme on the Substrate. 

Activity Assays 

0250. The present invention further provides a method for 
studying additional biological activities of the NPC1L1 pro 
tein. The biological activity of the NPC1L1 protein can be 
studied using intact cells that express the NPC1L1 protein 
(either naturally, e.g., as a result of a stimulus or treatment, or 
heterologously), membrane fractions comprising the 
NPC1L1 protein, the isolated NPC1L1 protein, soluble 
NPC1L1 fragments, or NPC1L1 fusion proteins. For 
example, a biological activity of the NPC1L1 protein can be 
studied by measuring in a cell that heterologously expresses 
the NPC1L1 protein the activities that promote or suppress 
the production of an “index substance', change in cell mem 
brane potential, phosphorylation of intracellular proteins, 
activation of c-fos, pH reduction, etc. 
(0251 NPC1L1-mediated activities can be determined by 
any known method. For example, cells containing the 
NPC1L1 protein can first be cultured on a multi-well plate, 
etc. Prior to the activity determination, the medium can be 
replaced with fresh medium or with an appropriate non-cy 
totoxic buffer, followed by incubation for a given period of 
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time in the presence of a test compound, etc. Subsequently, 
the cells can be extracted or the supernatant can be recovered 
and the resulting product can be quantified by appropriate 
procedures. Where it is difficult to detect the production of the 
“index substance' for the cell-stimulating activity due to a 
degrading enzyme contained in the cells, an inhibitor against 
Such a degrading enzyme may be added prior to the assay. For 
detecting activities such as the cAMP production Suppression 
activity, the baseline production in the cells is increased by 
forskolin or the like and the suppressing effect on the 
increased baseline. 

Methods of Treatment 

0252. The present invention provides methods for treat 
ing, e.g., ameliorating, preventing, inhibiting, reducing the 
symptoms of, or delaying a condition that can be treated by 
modulating expression of a NPC1L1-encoding nucleic acid 
molecule or a NPC1L1 protein, comprising administering to 
a subject in need of such treatment a therapeutically effective 
amount of a compound that modulates expression of a 
NPC1L1-encoding nucleic acid molecule or a NPC1L1 pro 
tein. 

0253 Conditions that can be treated or prevented using the 
methods disclosed herein include those in which there are 
abnormalities in regulating lipid metabolism or responses, 
including cellular influx or efflux, endocytosis, or intracellu 
lar trafficking, transport, or localization of lipids, e.g., cho 
lesterol, fatty acids, triglycerides, and sphingolipids. Such 
conditions include those that are associated with hyperlipi 
demia, including diet-induced hypercholesterolemia, obesity, 
cardiovascular disease, and stroke. In addition, conditions 
associated with aberrant glucose metabolism and transport, 
e.g., diabetes (e.g., type II diabetes) can also be treated using 
the methods disclosed herein. Furthermore, conditions asso 
ciated with decreased NPC1L1 expression or activity, such as 
anorexia, cachexia, and wasting, may also be treated or pre 
vented using the methods disclosed herein. 
0254 The term “therapeutically effective amount” is used 
here to refer to: (i)anamount or dose of a compound Sufficient 
to detectably change the level of expression of a NPC1L1 
encoding nucleic acid in a Subject; or (ii) an amount or dose of 
a compound sufficient to detectably change the level of activ 
ity of a NPC1L1 protein in a subject; or (iii) an amount or dose 
of a compound Sufficient to cause a detectable improvement 
in a clinically significant symptom or condition (e.g., amelio 
ration of hypercholesterolemia) in a subject. 
0255. In a preferred embodiment, the therapeutically 
effective amount of a compound reduces or inhibits the 
expression or activity of an NPC1L1 nucleic acid or polypep 
tide. 

Formulations and Administration 

0256 Acandidate compound useful in conducting athera 
peutic method of the present invention is advantageously 
formulated in a pharmaceutical composition with a pharma 
ceutically acceptable carrier. The candidate compound may 
be designated as an active ingredient or therapeutic agent for 
the treatment of dietary hypercholesterolemia or other disor 
der involving lipid or glucose metabolism or transport. 
0257 The concentration of the active ingredient depends 
on the desired dosage and administration regimen, as dis 
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cussed below. Suitable dose ranges of the active ingredient 
are from about 0.01 mg/kg to about 1500 mg/kg of body 
weight per day. 
0258. Therapeutically effective compounds can be pro 
vided to the patient instandard formulations, and may include 
any pharmaceutically acceptable additives, such as excipi 
ents, lubricants, diluents, flavorants, colorants, buffers, and 
disintegrants. The formulation may be produced in useful 
dosage units for administration by oral, parenteral, transmu 
cosal, intranasal, rectal, vaginal, or transdermal routes. Paren 
tal routes include intravenous, intra-arteriole, intramuscular, 
intradermal, Subcutaneous, intraperitoneal, intraventricular, 
intrathecal, and intracranial administration. 
0259. The pharmaceutical composition may also include 
other biologically active substances in combination with the 
candidate compound. Such substances include but are not 
limited to lovastin and ezetimibe. 
0260 The pharmaceutical composition can be added to a 
retained physiological fluid such as blood or synovial fluid. 
For CNS administration, a variety of techniques are available 
for promoting transfer of the therapeutic agent across the 
blood brain barrier, including disruption by Surgery or injec 
tion, co-administration of a drug that transiently opens adhe 
sion contacts between CNS vasculature endothelial cells, and 
co-administration of a Substance that facilitates translocation 
through Such cells. 
0261. In another embodiment, the active ingredient can be 
delivered in a vesicle, particularly a liposome. 
0262. In another embodiment, the therapeutic agent can be 
delivered in a controlled release manner. For example, a 
therapeutic agent can be administered using intravenous infu 
sion with a continuous pump, in a polymer matrix Such as 
poly-lactic/glutamic acid (PLGA), in a pellet containing a 
mixture of cholesterol and the active ingredient (SilasticRTM: 
Dow Corning, Midland, Mich.: see U.S. Pat. No. 5,554,601), 
by Subcutaneous implantation, or by transdermal patch 

EXAMPLES 

0263. The present invention is further described by way of 
the following particular examples. However, the use of such 
examples is illustrative only and is not intended to limit the 
Scope or meaning of this invention or of any exemplified term. 
Nor is the invention limited to any particular preferred 
embodiment(s) described herein. Indeed, many modifica 
tions and variations of the invention will be apparent to those 
skilled in the art upon reading this specification, and Such 
“equivalents' can be made without departing from the inven 
tion in spirit or scope. The invention is therefore limited only 
by the terms of the appended claims, along with the full scope 
of equivalents to which the claims are entitled. 

Example 1 
Intracellular Localization of the NPC1L1 Protein 

0264. Previous studies have revealed localization of NPC1 
to the late endosome compartment of cells. The presence of 
NPC1 in this critical sorting region is consistent with the 
molecular etiology of Niemann-Pick C1 disease, which 
includes disruptions of cholesterol trafficking, storage, and 
secretion. Whether the NPC1L1 of the present invention 
localizes to the same region, however, is unclear. Although 
NPC1 and NPC1L1 have a number of commonstructural and 
functional domains, they also have different targeting 
sequences, Suggesting distinct patterns of localization in the 
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cell. In addition, another group has suggested that NPC1L1 
molecule is present on the plasma membrane of enterocytes 
lining the Small-intestine, a location consistent with their 
proposal that NPC1L1 is a transporter of dietary cholesterol 
and target of the anti-cholesterol drug ezitimibe. However, a 
recent study by Smart et al. (PNAS (2004) 101:345-3455, 
which presents evidence in both Zebrafish and mouse systems 
that the target of eZitimibe is an annexin-caveolin hetero 
complex, which is implicated as key mediator in the intestinal 
transport and trafficking of cholesterol. The present invention 
addresses this issue with a set of reagents and approaches to 
determine NPC1L1 localization. 

Methods 

0265 Production and purification of NPC1L1 antigen. A 
specific fragment of human NPC1L1 was amplified by PCR 
using the primers: 

(SEQ ID NO : 4) 
5 - GCGGGATCCGAACCGGTCCAGCTACAGGTA-3 
and 

(SEO ID NO; 5) 
5 - GCGGAATTCCTCGAGGATGGGCAGGTCTTCAG-3 

spanning nucleotides 1302-1961 of SEQID NO: 2 and amino 
acids 416-635 of SEQID NO:3. The amplified fragment was 
inserted into the pET-TRX expression vector, and the result 
ing recombinant plasmid was introduced into the host cell 
line, E. coli B121 (DE3) plysS. Purified NPC1L1 polypeptide 
was obtained by induced expression of the transformed cells 
followed by nickel affinity chromatography on a BioCAD 
system (Perseptive Biosystems, Framingham, Mass.). 
0266 Production and purification of anti-NPC1L1 anti 
bodies. The NPC1L1 polypeptide was injected into two rab 
bits and polyclonal antisera was Subsequently collected. Anti 
serum was sequentially purified in two affinity 
chromatography steps: (i) removal of TrX antibodies on a 
Trx-Affigel 10 column (BioRad, Hercules, Calif.); and (ii) 
purification of IgG antibodies on a Protein A-Sepharose col 
umn (Amersham Biosciences, Piscataway, N.J.). 
0267 Construction of NPC1L1 fusion vectors and RFP 
reporter constructs. Monomeric (m)YFP and CFP were gen 
erated using eyFP and eCFP plasmids (Clontech) as tem 
plates. The L221K and Q69M mutations for mYFP and the 
L221K mutation in mGFP were created using the megaprimer 
PCR mutagenesis method and Verified by sequencing. To 
generate mYFP and mCFP fusions with NPC1 L1, the stop 
codon of the human NPC1L1 sequence (GenBank accession 
number AY515256 was removed by PCR amplification and 
the resulting cDNA was verified by sequencing and fused to 
the mYFP and mOFP cDNAs. To introduce a Flag tag into 
NPC1L1, an adapter encoding the Flag tag amino acid 
sequence DYKDDDDK (SEQ ID NO: 29) was ligated in 
frame into the NPC1L1 at the unique BSmI restriction site. To 
generate a construct of RFP driven by the human ABCA1 
promoter the genomic sequence of the promoter was ampli 
fied (nucleotides -189 to +32) and inserted into the pDsRed 
Express vector (Clontech). 
0268 Tissue culture, transfection, and immunofluores 
cence studies. All cells, including COS7, NT2 and Caco-2 
cells, obtained from ATCC (Manassas, Va.), were grown in 
DMEM supplemented with 2 mM glutamine, 10% FCS and 
Gentamicinat37°C. and 5%, CO in a humidified incubator. 
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Cells were transfected using 4 ul Lipofectamine and 6 ul Plus 
reagent (Invitrogen, Carlsbad. CA), according to the manu 
facturer's recommendations. At 24 hr post-transfection the 
cells were either viewed live or they were fixed with ice-cold 
methanol at 4°C. for 6 min. Cells were processed for immu 
nofluorescence using standard procedures and 1 ug/ml of 
rabbit polyclonal antibody or 2 ug/ml of M2 anti-Flag anti 
body (Sigma, St. Louis, Mo.), followed by a 1:1000 dilution 
of the appropriate secondary antibody, either goat anti-rabbit 
IgG-Alexa 488 (Molecular Probes, Eugene, Oreg.) or sheep 
anti-mouse IgG-FITC (Jackson Immunoresearch Laborato 
ries, West Grove, Pa.). Cells were mounted in Fluoromount-G 
(Southern Biotechnology Associates, Birmingham, Ala.) and 
photographed using a Nikon Eclipse microscope equipped 
with a CCD camera. 

0269 Plasma membrane labeling assay. COS7 cells trans 
fected with either Flag-tagged NPC1L1 or CD32 were 
labeled for 1 hr at 37° C. with 100 uCi-Metf-Cys in cell 
medium deficient in these amino acids. Following a 2hr chase 
period in DMEM complete medium, cells were removed 
from dishes using PBS containing 1 mM EDTA, washed in 
PBS and split equally into two eppendorfs. 2 ug of anti-Flag 
or anti-CD32 antibodies were added to half the samples and 
incubated on a rotating mixer at 4°C. for 30 min. Cells were 
washed twice with cold PBS and all samples were lysed in 
500 ul lysis buffer (NPC1L1: 100 mM sodium phosphate pH 
7.5, 150 mM NaCl, 2 mM EDTA, 1% igepal, 0.01% SDS: 
CD32: 50 mM Tris pH 7.4, 120 mMNaCl, 25 mM KC1, 0.2% 
TritonX100) containing proteinase inhibitor cocktail for 1 hr 
30 min at 4° C. Lysates were cleared by centrifugation at 
20,000 g for 10 min at 4° C. Samples previously incubated 
with antibody were transferred to tubes containing 20 ul 
protein G-agarose beads (Roche Applied Science, Indianapo 
lis, Ind.) and incubated overnight at 4°C. Remaining samples 
were incubated at 4°C. for 1 hr with 3 uganti-Flag?anti-CD32 
antibodies, after which they were transferred to tubes con 
taining protein G-agarose and incubated overnight at 4°C. 
Samples were washed four times in CD32 lysis buffer and 
once in NET1 buffer (50 mM Tris pH 7.4, 0.5M NaCl, 1 mM 
EDTA, 0.1% igepal, 0.25% gelatin, 0.02% sodium azide) and 
electrophoresed on a 4-20% bis-tris NUPAGE gel (Invitro 
gen, Carlsbad, Calif.) using the MOPS buffer system, until 
adequate separation was achieved. Gels were fixed in a solu 
tion of 10% acetic acid, 20% methanol for 10 min and soaked 
in Amplify solution for 15 min, before drying and exposing to 
film. 

Results 

0270. In one set of experiments, the purified anti-NPC1L1 
polyclonal antibodies were used to determine the in situ local 
ization of endogenous NPC1L1 in the human NT2 cell line. 
AS Visualized by indirect immunofluorescence, endogenous 
NPC1L1 showed a perinuclear, ER to Golgi distribution 
(FIG. 1a). Colocalization studies with various subcellular 
organelle markers (data not shown) confirmed the presence of 
NPC1L1 in the ER and Golgi. Notably, endogenous NPC1L1 
was not present in the late endosomal/lysosomal compart 
ment—in sharp contrast to the previously established resi 
dence of NPC1 in late endosomes (Higgins et al., (1999) Mol. 
Genet. Metab. 68: 1-13). 
0271 In another experiment, COS7 cells were visualized 
by fluorescent microscopy, following transient transfection of 
the expression vector comprising NPC1L1 fused to the Flag 
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epitope. Consistent with the NT2 studies, the NPC1L1-flag 
fusion protein also localized predominantly to the ER and 
Golgi (FIG. 1b). 
0272. In addition, live Caco-2 cells were visualized by 
fluorescent microscopy, following transient transfection of 
the expression vector comprising NPC1L1 fused to mYFP. 
Again, the results reveal predominant localization of the 
NPC1L1 fusion to the ER and Golgi (FIG. 1c). 
0273. In addition, colocalization experiments (shown in 
Davies et al., J Biol. Chem. 2005) revealed that NPC1L1 
localizes in an intracellular vesicular compartment with the 
marker protein Rab5. 
0274. In a final experiment, the membrane labeling assay 
was used as a sensitive detection method to confirm the intra 
cellular localization of NPC1L1. In accord with the other 
findings, very little NPC1L1 can be labeled on the plasma 
membrane. 

Example 2 

NPC1L1 mRNA Expression in Human and Mouse 
Tissues 

Methods 

0275 Real time PCR quantitation. Human and mouse 
multiple tissue cDNA panels that had been normalized to four 
different control genes by the manufacturer (BD Biosciences 
Clontech, Palo Alto, Calif.) were amplified to detect only the 
full-length form of NPC1L1. Real-time PCR amplification 
was achieved using the Lightcycler 2 (Roche Applied Sci 
ences). Data analysis was carried out using the accompanying 
software (v. 4.0). The primers used for amplifying mouse 
NPC1L1 Were 5'-GCTTCTTCCGCAAGATATA 

CACTCCC-3' (SEQ ID NO: 6) and 5'-GAGGATGCAG 
CAATAGCCACATAAGAC-3' (SEQID NO: 7). The primers 
used for human NPC1L1 were 5'-TATCTTCCCTGGTTC 
CTGAACGAC-3' (SEQID NO: 8) and 5'-CCGCAGAGCT 
TCTGTGTAATCC-3' (SEQ ID NO: 9). For both the ampli 
fication cycles used were 95°C. for 10 sec, 58° C. for 20sec 
and 72° C. for 20 sec. Relative quantitation was carried out 
using external standards and a linear fit method and each 
sample was amplified in three separate experiments. All sta 
tistical calculations were obtained using Microsoft Excel. 

Results 

0276. To further the functional studies of NPC1L1 the 
distribution of NPC1L1 mRNA expression was examined in 
both human and mouse tissues. In human tissues NPC1L1 is 
predominantly expressed in liver with detectable levels in 
lung, heart, brain, pancreas and kidney, ranging in expression 
from about 0.5 to 3% of liver expression (FIG. 2). Since it has 
been reported that mouse NPC1L1 is predominantly 
expressed in the Small intestine (Higgins et al., 2001), analy 
ses using a human panel of digestive tract tissues were also 
carried out. Human NPC1L1 is expressed in the small intes 
tine at 1-4% of the levels expressed in liver (FIG. 2a-c) 
Suggesting that there are significant differences between the 
expression of human and mouse NPC1L1. Interestingly, 
analyses of mouse tissues Suggests a predominant role for 
NPC1L1 in embryogenesis since its highest expression is 
found in 17-day embryos; low but detectable expression was 
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found in lung, heart, spleen and kidney and elevated expres 
sion in brain, muscle and testis (FIG. 2a-c). 

Example 3 
Lipid Uptake Function of NPC1L1 Function 

Introduction 

(0277 NPC1L1 and NPC1 share a number of key structural 
features, including thirteen membrane spanning regions and a 
putative sterol sensitive motif. Accordingly, an important 
question is whether NPC1L1 shares some of the same func 
tional properties as NPC1L1, specifically in the transport and 
movement of lipids. The present invention addresses the issue 
with respect to assays in bacterial cells. 

Methods 

0278 E. coli fatty acid transport assays. The predicted 
signal peptide of human NPC1L1, amino acids 1-33, was 
removed and the remaining full-length sequence, encoding 
amino-acids 33-1359, was cloned in-frame with the amino 
terminal E. coli Omp A signal peptide sequence in the vector 
pIN III Omp A, as previously described for NPC1 (Davies et 
al., 2000). NPC1L1 was then expressed in the 2.1.1 strain of 
E. coli, as previously described (Davies et al., 2000) Briefly, 
E. coli cultures grown to log phase were induced to express 
NPC1L1 using 1 mM IPTG and grown for 1-2 hours. They 
were then diluted to an OD600 of 0.1 and incubated at 37° C. 
for 5-15 minin saline containing 0.1M TRIS, Ph7.5, 1 nMH 
sodium oleate and 105 nM cold sodium oleate. Cell pellets 
were resuspended in water and H sodium oleate was quan 
titated by Scintillation counting. 

Results 

0279 NPC1L1 was expressed in an engineered E. coli 
strain, designed for lipid transport studies (Davies et al., 
2000). E. coli cells exhibited an increase in fatty acid accu 
mulation compared to cells harboring a vector control (FIG. 
3), albeit at a lower level than cells expressing NPC1 “indi 
cating that NPC1L1 might have a function similar to that of 
NPC1 in a different intracellular location. These and other 
data (Davies et al., J Biol Chem 2005) indicate that NPC1L1 
is a Rab5 colocalized intracellular protein that appears to 
share lipid permease activity with NPC1. 

Example 4 
Generation of NPC1L1 Knockout Mice 

Introduction 

0280 Unlike NPC1, no human disease arising from muta 
tions in NPC1L1 is currently known. To address this issue, the 
present invention discloses the isolation of the mouse 
NPC1L1 gene and its targeted disruption in the appropriate 
mouse strain. In this regard, the C57BL6 strain was chosen, 
given its established utility in the study of cholesterol-related 
diseases, including atherosclerosis. 

Methods 

0281) Isolation of mouse NPC1L1 gene. The genomic 
databases for BACs containing the mouse genomic sequence 
were searched and one clone that contained the mouse 
NPC1L1 promoter and entire coding region was identified. 
This clone, BACRP23 64P22, accession number ACO79435, 
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from a C57BL6/J female mouse library, was obtained from 
BacPac Resources, Children's Hospital Oakland Research 
Institute (Oakland, Calif.). DNA was isolated using a BAC 
DNA isolation kit, as recommended (InCyte Genomics, St 
Louis, Mo.). 
0282. The mouse genomic nucleic acid sequence is pro 
vided in SEQ ID NO: 1. (The human genomic sequence is 
also provided in SEQID NO:20. The NPC1L1 human cDNA 
is also presented in SEQID NO: 21 (GenBank Accession No. 
NM 013389), and corresponding amino acid in SEQID NO: 
22 (GenBank Accession No.: NP 037521). 
0283 Targeted disruption of the endogenous NPC1L1 
locus. A pCem7zf-(Promega)-based construct was engi 
neered to contain nucleotides 84689 to 96003 of the mouse 
NPC1L1 gene (accession number AC079435), spanning the 
promoter region to intron 6. The gene was disrupted at the 
unique Afe I restriction enzyme site in exon 2 of the mouse 
NPC1L1 sequence (at 91263) by insertion of phosphoglyc 
erate kinase neomycin phosphotransferase hybrid gene 
(PGK-neo), in an antisense direction. This disrupts the coding 
sequence after cDNA nucleotide 601 so that no more than 200 
amino acids of NPC1L1 can be expressed. Thus the expres 
sion of all alternatively spliced forms of the gene is abrogated. 
Homologous recombination and selection for neomycin 
resistant knockout clones using C57BL6 ES cells (Taconic, 
Germantown, N.Y.) was carried out by Cell and Molecular 
Technologies (Phillipsburg, N.J.). 
0284. About 150 neo-resistant ES clones were obtained, 4 
of which were correctly targeted by homologous recombina 
tion of the neomycin cassette into the NPC1L1 gene, clones 
13, 19, 44 and 144. These were identified by PCR screening 
using two sets of primers, each containing one primer outside 
the NPC1L1 targeting cassette and one within the neomycin 
gene hybrid. At the 5' end, these were 5'-CCTCCCTATTC 
CCCAAGATGTATGC-3' (SEQID NO: 10) in the NPC1L1 
gene at 83538 and 5'-GGAGAGGCTATTCGGCTATGAC-3' 
(SEQID NO: 11) in the neomycin cassette. At the 3' end these 
were: 5'-CTGGGCTCCCTCTTAGAATAACCTA-3 SEQID 
NO: 12) at 96815 and 5'-GGAGAGGCTATTCGGCTAT 
GAC-5' (SEQ ID NO: 13) in the neomycin cassette. Long 
range amplifications were achieved using the Failsafe PCR 
system (Epicentre, Madison, Wis.) with buffer F and 30 
cycles of: 94° C. for 30 sec; annealing at 54° C. or 58° C. for 
the 5' or 3' end regions respectively; and 30 sec and 72°C. for 
8 min. Correct products yield a 9 kb or a 5.5 kb product for the 
5' and 3' regions respectively. 
0285 Chimeric mice were created by injecting knockout 
clone 13 C57BL6 ES cells into blastocysts that were then 
implanted into pseudopregnant BALB/c mice. Chimeric 
males were identified by coat color and one male that gave 
almost 100% germ-line transmission of ES cell-derived mate 
rial was crossed with wild-type C57BL6 females. Mice that 
were heterozygous for the knockout allele were identified by 
long-range PCR. 
0286 Multiplex genotype analysis. For routine genotype 
analysis DNA was extracted from the mouse tail tissue using 
standard purification procedures and this was screened by 
multiplex PCR using the following primers: one primer in the 
neomycin sequence, 5'-CTCTGAGCCCAGAAAGCGAAG 
3' (SEQ ID NO: 14); and two primers within the NPC1L1 
exon 2 sequence, NPC1L1a, 5'-GACCAGAGCCTCTTCAT 
CAATGT3' (SEQ ID NO: 15) and NPC1L1b, 
5'-GAGAATCTGCGCTTACGAGGGA-3' (SEQID NO: 16) 
that flanked the neomycin insertion. The neomycin and 
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NPC1L1b primer pair amplifies the knockout allele to pro 
duce a PCR product of 815 bp while the NPC1L1a and 
NPC1L1b primers amplify the 601 bp wildtype allele. PCR 
amplification used 30 cycles of denaturation at 94°C. for 40 
sec, annealing at 58° C. for 30 sec and extension at 72°C. for 
1 min. 

Results 

0287 Chimeric C57BL6 ES cell/BALBc mice were suc 
cessfully generated and crossed with C57BL6 females. 
Homozygous NPC1L1-/- mice were identified by long 
range PCR-amplification to verify that the neomycin/ 
NPC1L1 gene knockout cassette was correctly inserted by 
homologous recombination (FIG. 3d). Mice were routinely 
screened by PCR to determine their genotype. 
(0288. The resulting NPC1L1-/- mice were found to breed 
normally and showed no obvious phenotype when compared 
with their wild-type NPC1L1+/+counterparts. This was sur 
prising considering that mice lacking NPC1 are generally 
sterile. These results do not exclude the possibility of subtle 
defects, such as those giving rise to minor abnormalities in the 
nervous system. 

Example 5 
Analysis of Lipid Uptake and Trafficking in Wild 

Type and NPC1L1 Knockout Mouse Cells 
Introduction 

(0289 NPC1L1 and NPC1 share a number of key structural 
features, including thirteen membrane spanning regions and a 
putative sterol sensitive motif. Accordingly, an important 
question is whether NPC1L1 shares some of the same func 
tional properties as NPC1L1, specifically in the transport and 
movement of lipids. The present invention addresses the issue 
with a genetic-based approach in normal and NPC1L1-defi 
cient mouse cells. 

Methods 

0290 Generation of SV40-immortalized cell lines. Wild 
type and NPC1L1 knockout mice that were 3-6 days old were 
euthanized in a sterile environment and liver tissue was 
removed and minced into 3-4 mm pieces. These were washed 
in PBS, transferred to 1 ml of ice-cold 0.25% trypsin/100 mg 
tissue and incubated at 4°C. for 16 hours. The trypsin was 
removed and the tissue incubated at 37° C. for 10-30 min. 
DMEM medium containing 10% FBS and 2 mML-glutamine 
was added, the cells were dispersed by pipetting and then kept 
in culture until they began to proliferate. Cells were trans 
fected with the pTTKneo plasmid as previously described 
(Smart et al., 2004). Clones of SV40-transformed cells were 
picked and expression of the SV40 antigen was confirmed by 
immunofluorescence analysis using an anti-SV40 T antigen 
monoclonal antibody (BD biosciences pharmingen, San 
Diego, Calif.). 
0291 Fatty Acid Uptake Assays. Fatty acid uptake was 
carried out essentially as described (Pohl et al., 2002), using 
wild-type and NPC1L1 knockout mouse cells grown to con 
fluency. Briefly, cells grown in 6 well dishes were washed in 
PBS and then incubated at 37° C. with 1 ml of prewarmed 
DMEM medium containing 173 uM BSA:173 uM sodium 
oleate with 0.43 uMH sodium oleate (23 Ci/mmol, Perkin 
Elmer, Wellesley, Mass.). The assay was stopped by the addi 
tion of 2 ml ice-cold DMEM containing 200LM phloretin and 
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0.5% BSA and the cells incubated on ice for 2 min. The cells 
were then washed six times with ice cold DMEM and lysed in 
1 ml of 1M NaOH. Protein concentrations were determined 
using the fluorescamine assay (Bishop et al., 1978). Scintil 
lation counting was used to measure the H sodium-oleate in 
100 ul of lysate. All samples were assayed in triplicate. A 
similar procedure was used to measure cholesterol uptake. 
H-cholesterol was solubilized using cyclodextrinessentially 
as described (Sheets et al., 1999). Briefly, a mixture contain 
ing 110 ul of ''C-cholesterol (52.9 mCi/mmol, Perkin 
Elmer), 1 mg cholesterol and methyl-3-cyclodextrin Solution 
(m3CD/Chol 8:1 mol/mol) was sonicated in a bathsonicator 
for 15 min prior to an overnight incubation at 37°C. Conflu 
ent cells were incubated with 1 ml of DMEM containing 10 ul 
of Solubilized cholesterol at 37° C. for O-40 min. 

0292 NBD-Cholesterol and NBD-LacCer Uptake. The 
fluorescent sphingolipid NBDLacCer was obtained com 
plexed to BSA (Molecular Probes) and incubated with sub 
confluent cultures in serum-free media for 5-10 min. The 
fluorescent probe was removed and fresh media containing 
serum was added. Cells were imaged live using a fluorescent 
microscope equipped with a CCD camera. NBD-cholesterol 
was complexed with cyclodextrin as described above for 
H-cholesterol. The cholesterol/cyclodextrin complex was 
added to cells as described above for NBD-LacCer. Cells 
were processed and imaged as above. 
0293 Construction of my FP-caveolin and fluorescent 
reporter vectors. To generate an mYFP-Caveolin fusion vec 
tor, caveolin-1 (GenBank accession number NM 001753) 
was amplified from a cDNA pool generated using human 
fibroblast mRNA, using the primers 5'-GCGAATTCTAT 
GTCTGGGGGCAAATACGTAGA-3' (SEQID NO: 17) and 
5'-GCGGATCCTTATAT TTCTTTCTGCAAGTTGAT 
GCGGA-3' (SEQID NO: 18) Caveolin-1 was cloned at the 3' 
end of my FP cDNA (described above) to generate themYFP 
Caveolin-1 fusion. The SRE-GFP vector was as previously 
described. To generate the DR4-GFP vectors the SRE ele 
ment was removed from SREGFP and replaced by 3 copies of 
a DR4 element 5 encoded by a double stranded oligonucle 
otide, 5'-TTGGGGTCATTGTCGGGCATTGGGGT 
CATTGTCGGGCATTGGGGTCATTGTC GGGCA-3' 
(SEQID NO: 19) To generate a construct of RFP driven by the 
human ABCA1 promoter the genomic sequence of the pro 
moter was amplified (nucleotides -189 to +32) (Walter et al., 
2002) and inserted into the posRed-Express vector (Clon 
tech). 

Results 

0294. To further characterize the role of NPC1L1 in lipid 
transport, mouse fibroblasts were isolated from NPC1L1+/+ 
(Wt) and NPC1L11-/- (L1) mice and were immortalized by 
expression of the SV40 large T antigen 6. To characterize the 
response of these cells to changing lipid levels vectors were 
constructed in which the expression of GFP or RFP is con 
trolled either by the ATP binding cassette transporter A1 
(ABCA1) promoter, a dual DR4 element or a dual sterol 
regulatory (SRE) element. Expression of these constructs in 
the Wt and L1 cells indicated that the L1 cells are unable to 
express RFP driven by the ABCA1 promoter or DR4 element 
(FIG. 2f). Both cell lines however, could express the SRE 
driven GFP construct (FIG. 2.f) and responded identically to 
the LDL-derived sterol transport inhibitor U18666A. These 
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results provided evidence that the L1 cells have a normal SRE 
response but they are unable to sense or regulate their lipid 
efflux response. 
0295) To evaluate the extent of this transport defect it was 
next determined whether the absorption and endocytosis of 
lipids at the plasma membrane was also altered. To assess 
cholesterol influx rates, radio labeled cholesterol was incu 
bated with cells for 0-40 min. Both cell lines exhibited satu 
ratable uptake but transport into the L1 cells was reduced by 
30% (FIG.3a). Similarly, incubation with oleic acid revealed 
that L1 cells had a 5-10% decrease in uptake (FIG. 3b). Next 
cells were labeled as above with a fluorescent cholesterol 
analog and chased for various lengths of time. Initially, cho 
lesterol decorates the plasma membrane of both Wt and L1 
cells in a punctate manner (FIG.3c). However, by 180 min, in 
Wt cells, NBD-cholesterol was localized at a single intracel 
lular site, presumably Golgi, whereas in the L1 cells choles 
terol accumulated in multiple intracellular pools (FIG. 3c). 
0296. In addition, incubation with the fluorescent sphin 
golipid NBD-lactosylceramide indicated that in addition to 
differences in the transport of cholesterol and fatty acids, L1 
cells are also defective in their transport of sphingolipids. 
After 15 minofchase, NBD-lactosylceramide localized to the 
Golgi apparatus of Wt cells and this localization was com 
plete by 40 min (FIG. 3d). However, in L1 cells NBDlacto 
Sylceramide was trapped in intracellular vesicular structures 
and did not reach the Golgi complex even after 120 min of 
chase (FIG. 3d). Intriguingly, this phenotype has recently 
been described in NPC1-defective cells (Puri et al., 1999), 
lending further support to the notion that NPC1 and NPC1L1 
may perform similar functions. 
0297. The differences inlipidendocytosis between Wtand 
L1 cells suggested that the lack of NPC1L1 activity causes a 
generalized lipid transport block that may involve deregula 
tion of caveolae formation and/or internalization. The caveo 
lin family of Small transmembrane proteins includes caveo 
lin-1/VIP21, caveolin-2, and a muscle-specific isoform 
caveolin-3. Caveolin-1 spans the plasma membrane twice 
forming a hairpin structure on the Surface and forms homo 
and hetero-oligomers with caveolin-2. Caveolins are the prin 
ciple constituents of caveolae (Small non-clathrin coated 
invaginations in plasma membrane). They preferentially 
associate with inactive signaling molecules Such as Src and 
Ras family proteins and have been proposed to act as a scaf 
fold for the assembly of signaling complexes. Caveolin-1 
colocalizes and associates with the integrin receptors in vivo. 
It regulates binding of the Src family kinases to the integrin 
receptors to promote adhesion and anchorage-dependent 
growth. Other proposed functions for caveolins include regu 
lation of cell proliferation and tumor Suppression. 
0298 Expression of a mYFPcaveolin construct showed 
that in Wt cells caveolin localizes in a perinuclear Golgi area 
and in peri-plasma membrane ring structures (Pohl et al., 
2004: Westerman et al., 1999) (FIG.3e). In striking contrast, 
the caveolin L1 cells appears to be trapped at the plasma 
membrane (FIG.3e), suggesting that lack of NPC1L1 activity 
causes its aberrant trafficking or mislocalization. The inabil 
ity of L1 cells to endocytose caveolae may partially explain 
their multiple lipid transport defects. 
0299 To determine whether NPC1L1 is active in caveolae 
colocalization studies were carried out between mYFP-ca 
veolin and NPC1L1-mCFP No significant colocalization 
between the two proteins was detected (data not shown) Sug 
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gesting that the effects seen in L1 cells are not a direct effect 
of the lack of NPC1L1 activity in caveolae. 

Example 6 

Studies of Lipid Physiology in Wild-Type and 
NPC1L1-Knockout Mice 

Methods 

0300 Animal Care. All mice were housed in the Mount 
Sinai animal care facility with controlled humidity and tem 
perature levels and with 12 hour alternating light and dark 
cycles. Experiments were carried out according to protocols 
approved by the Institutional Animal Care and use Committee 
(IACUC). For colony maintenance the mice were given a 
regular chow diet (Lab Diet rodent diet 20, PMI Nutritional 
International Richmond, Ind.) and water ad libitum. For 
studying the effects of an atherogenic diet the Paigen high 
cholesterol, high fat dietl was administered (Research Diets, 
cat. no. D12336) and contained 12.5gm '% cholesterol, 5gm 
% sodium cholic acid and a fat content of 35 kcal %. The 
matched low fat diet (cat. no. D12337) contained 0.3 gm 96 
cholesterol, no cholic acid and a fat content of 10 kcal%. 
0301 Plasma lipid Assays. For plasma lipid assays, mice 
were given the high and low cholesterol diets for 14 weeks 
and then fasted for 16 hours. They were euthanized using a 
lethal dose of the anesthetic Avertin and total body blood was 
withdrawn from the inferior vena cava. Four male and four 
female mice were used for each diet. 
0302 Histology. Livers from mice fed a high cholesterol 
diet were excised and fixed in 4% paraformaldehyde in PBS. 
They were embedded in paraffin, deparaffenized, rehydrated 
and 5 m sections were stained using 0.1% hematoxylin and 
0.25% alcoholic eosin. These were mounted in Permount and 
examined using a Nikon light microscope. 

Results 

0303. The NPC1L1+/+ and NPC1L1-/- mice were placed 
on a high cholesterol diet for 14 weeks. When serum lipid 
levels from these mice were evaluated, no significant differ 
ences were observed between NPC1L1+/+ and NPC1L1-7- 
mice on normal low cholesterol diet. As expected, Witmice on 
the high fat diet exhibited an increase in total cholesterol and 
LDL-cholesterol and a decrease in their triglycerides whereas 
HDL-cholesterol was similar to those of animals kept on the 
low fat diet. However, the NPC1L1-/- mice given a high fat 
diet showed no elevation in total and LDL-cholesterol and in 
fact showed a significant decrease in total cholesterol. These 
animals had a decrease in HDL levels and had similar trig 
lyceride levels to mice kept on the low fat diet. In addition, 
NPC1L1-/-mice on the high fat diet had a significant 
decrease in plasma glucose compared to NPC1L1 +/+mice, 
which has a small but significant increase in plasma glucose 
(assayed following overnight fasting). 
0304. Histochemical analysis of liver tissues from these 
animals showed that NPC1L1+/+ mice on the high fat diet had 
larger, fat-laden livers, while livers from the knockout mice 
were normal but smaller than the Wt high-fat livers, indicat 
ing that these animals resisted the diet-induced fatty liver. 
Liversections from NPC1L1+/+ and NPC1L1-/- mice con 
firmed the lipid-laden status of the NPC1L1+/+ livers and the 
resistance of NPC1L1-/- animals to this diet induced lipid 
accumulation. Also, gallbladders from Wt and NPC1L1-/- 
mice on the high fat diet were dramatically different with 
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NPC1L1+/+ gall bladder tissues, showing obvious signs of 
lipid-induced cholestasis that were absent in the NPC1L1-/- 
mouse. Together, these data show that inactivation of the 
NPC1L1 protein has a protective effect against diet-induced 
hypercholesterolemia in these animals and Suggest that 
NPC1L1 has a critical role in regulating lipid or glucose 
metabolism. 

Example 7 

Screening Assays for the Identification of NPC1L1 
Modulators 

0305. A number of assays have been developed for the 
monitoring of NPC1L1 function. These assays include, for 
example, prokaryotic in vivo assays: prokaryotic in vitro 
assays: eukaryotic in vivo assays; and reconstitution. 
0306 All of these assays are amenable to high-throughput 
screening and offer four diverse ways for screening Small 
molecule libraries. Below is a description of the various 
approaches. 
(0307 Prokaryotic Assay 
(0308 NPC1L1 has been successfully expressed in a 
prokaryotic host (E. coli). In these bacteria the protein is 
imbedded into the inner membrane. The engineering of the 
expression construct involved the replacement of the 
NPC1L1 ER-targeting signal sequence with that of the E. coli 
protein Omp A1. An IPTG-inducible promoter drives the 
expression of NPC1L1. 
(0309 The expression host is a derivative of E. coli K12. 
This host was engineered to lack the prokaryotic permease 
AcrB (a permease that has homology with NPC1L1). The 
host was then engineered to also lack a second component of 
this system a protein called TolC, by homologous recombi 
nation deletion. This host has a tremendous advantage for our 
studies since the AcrB/TolC system in E. coli is very efficient 
and can work to mask or confuse the results of transporter 
expression studies. 
0310. In Vivo: Using the above host the transport of spe 
cific Substrates is able to measured by looking at growth rates 
and/or resistance to various compounds added to the growth 
media since NPC1L1 transports these substances into the 
bacteria where they exert a toxic effect. These assays can be 
done on semisolid or liquid media. 
0311 Invitro: Using the above cells we can produce mem 
brane vesicles of the inner membrane that contain the 
NPC1L1 protein. These vesicles can be produced with the 
NPC1L1 protein facing the inside (10; inside out) or the 
outside (RO; right site out) of the vesicle. This is extremely 
useful since one can measure material going into the vesicles 
or coming out of the vesicles depending on need. 
0312 Thus, one can use the above system as a high 
throughput Screening for either activators (agonists) or inhibi 
tors of NPC1L1. 
0313 Eukaryotic InVivo: 
0314 Mammalian: Cell-lines have been generated that 
express NPC1L1 or and cell-lines have been generated that 
lack NPC1L1 activity. Cells lacking NPC1L1 exhibit a num 
ber of differences with cells that express NPC1L1. These 
differences are measurable and can be monitored in live cells 
by fluorescence detection and/or microscopy. Thus, the 
effects or activity of various small molecules on the activity of 
NPC1L1 can be evaluated in a high-throughput screening 
system. 
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0315 Baculovirus: A very high-level expression system 
has been produced based on baculovirus that expresses 
NPC1L1 tagged at the C-terminus with a dual histidine-HA 
tag in insect cells. This provides an efficient and quick way to 
purify large quantities of recombinant NPC1L1 for reconsti 
tution studies/screening (see below). In addition, these cells 
can be used to confirm results or candidate molecule identi 
fied by one of the methods described above. 
0316 Reconstitution: 
0317 Purified NPC1L1 from insect cells: Purified mate 

rial from the above (baculo) can be used to form vesicles in 
vitro using various lipid compositions including the one that 
NPC1L1 resides in (Golgi membranes). Fluorescent or radio 
active probes can be incorporated into the membrane of these 
vesicles or captured into their interior hydrophilic core. 
Probes will be identified on their ability to change location 
within these vesicles dependent on the activity of NPC1L1. 
And therefore, their movement can be monitored in the pres 
ence of compounds that change (increase or decrease) the 
activity of NPC1L1. 
0318. A mammalian cell assay for screening potential 
NPC1L1 is described herein (see ricin assay as described in 
Example 10, below) and a prokaryotic system for Screening 
potential NPC1L1 inhibitors is described in Example 8. 

Example 8 

Assay for Inhibitor Screening for NPC1 and 
NPC1L1 and Identification of 4-Phenylpiperidines as 

Potent Inhibitors of NPC1 

0319. In order to devise an assay for inhibitor screening a 
system where some potential activity of NPC1 or NPC1L1 
can be detected and monitored is needed. Also, further com 
plications are added by the fact that expression of these pro 
teins in mammalian cells is usually not tolerated and some 
times lethal. 

Methods 

0320. The present inventors have devised a prokaryotic 
expression system for both NPC1 and NPC1L1 based on the 
expression of these proteins with prokaryotic Secretion sig 
nals for targeting the E. coli inner membrane. The engineer 
ing of the expression construct involved the replacement of 
the NPC1 and NPC1L1 ER-targeting signal sequences with 
that of the E. coli protein Omp A1. An IPTG-inducible pro 
moter drives the expression of NPC1 and NPC1L1. This 
system for expression of NPC1 has been described by the 
inventors (see Davies, Chen and Ioannou, Science 290: 2295 
98, 2000). 
0321. In addition, hosts have been engineered to allow for 
the efficient detection of any potential activities as described 
in Example 9, below. 
0322 The expression host is a derivative of E. coli K12. 
This host was engineered to lack the prokaryotic permease 
AcrB (a permease that NPC1 and NPC1L1 have homology 
with), and was a gift from Dr. Tomofusa Tsuchiya (Antimi 
crob. Agents and Chemoth. 42: 1778, 1998). The host was 
engineered to lack a second component of this system a 
protein called TolC, by homologous recombination deletion 
(FIG. 5). This host has a tremendous advantage for these 
studies since the AcrB/TolC system in E. coli is a very effi 
cient drug efflux system and can work to mask or confuse the 
results of transporter expression studies. 
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0323. The final improvement made was introducing into 
these strains mutations that make their outer membrane leaky. 
The E. coli outer membrane is a strong barrier of lipophilic 
molecules and thus prevents any assays to be carried out that 
involvelipophilic substrates. Since the predicted substrates of 
NPC1 and NPC1L1 are lipophilic it is critical to engineer a 
strain that has a leaky outer membrane. In this manner lipo 
philic molecules can cross the outer membrane so that they 
can interact with the expressed NPC1 and NPC1L1 proteins 
residing on the inner membrane of the bacteria. 
0324 Utilizing this bacterial host it was discovered that 
these mutants are unable to grow in the presence of 5 mM 
concentration of a short chain fatty acid (decanoate; a 10 
carbon length fatty acid). However, bacteria expressing 
NPC1 are able to overcome this block and grow in the pres 
ence of decanoic acid. In one type of assay bacteria are plated 
onto a dish to form a lawn. Small filter disks (about 8 mm 
diameter) are soaked in decanoate and placed onto the bacte 
rial lawn. Dishes are incubated overnight at 37° C. and 
inspected the next morning. The Substance (decanoate or 
other test material) diffuses from the filter in a radial manner 
into the bacterial lawn and will inhibit bacterial growth. The 
diameter of the inhibition ring (around the filter) will be 
directly related to the sensitivity of the bacteria to the test 
substance; the more resistant the bacteria are to the test sub 
stance the closer to the filter they will grow forming a smaller 
diameter ring. 
0325 This assay works equally well in liquid cultures: 
decanoate is added to liquid cultures and bacteria are grown at 
37°C. with shaking for 4-6 hours. At the end of the incubation 
period an optical density measurement at 600 nm (ODoo) 
determines the ability of the culture to grow. Using the above 
cultures it was determined that control bacteria grew at an 
OD=0.9 whereas NPC1-expressing bacteria grew to satura 
tion of OD>3.0. 

Results 

0326. The above assays were used to search for inhibitors 
of NPC1 and NPC1L1. On the plate assay various inhibitors, 
as set forth below, were added to the cultures before plating 
and searched for molecules that did not interfere with the 
growth of control bacteria in the presence of decanoate. In the 
NPC1-expressing cells an increase in the diameter of the 
growth inhibition ring was observed, Suggesting that the 
NPC1 protein is inhibited and leads to these bacteria regain 
ing their sensitivity to decanoate. A number of molecules 
were screened and a number of candidate inhibitors identified 
(set forth below). The two most promising candidates were 
validated in mammalian cell cultures. 
0327 Cells were treated with these inhibitors and choles 
terol storage was monitored. Cells treated with molecule #5 
(4-butyryl-4-phenylpiperidine hydrochloride-see) overnight. 
In the presence of these inhibitors, mammalian cells should 
exhibit a disease phenotype (the human lipidosis Niemann 
Pick C is due to a deficiency of NPC1). Cells from NPC1 
patients store cholesterol in their lysosomes, which can be 
easily visualized by staining cells with a fluorescent probe 
that recognizes cholesterol. Results are shown in FIG. 6 and 
FIG. 7. No significant staining for lysosomal cholesterol can 
be seen in normal human fibroblasts (FIG. 6A). However, the 
same fibroblasts incubated overnight with inhibitor #5 have 
distinguishable lysosomes filled with cholesterol (FIG. 6B). 
0328 Molecule #2 (4-methylpiperidine) was a weaker 
NPC1 inhibitor, although fibroblasts treated with this inhibi 
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tor still exhibit cholesterol-filled lysosomes (FIG. 7A). Mol 
ecule #1 (4-phenyl-4-phenylpiperidine hydrochloride) did -continued 
not demonstrate any NPC1 inhibition, as shown by an O 
absence of cholesterol build-up in the lysosomes (FIG. 7B). 
The molecules identified as potential NPC1 inhibitors may in 
also be effective as NPC1L1 inhibitors. For example, Mol 
ecule #1 (4-phenyl-4-phenylpiperidine hydrochloride), has 
been identified as an inhibitor of NPC1L1, even though it did N 
not demonstrate any NPC1 inhibition. 1-BENZYL-4-FORMAMIDOMETHYL-4-PHENYLPIPERIDINE #6 

Candidate Inhibitors Identified Using the Above-Described CH3 
Assay: 

0329 NHCO N 

C4H9 
CH 

NH Bupivacaine hydrochloride B5274 

O 
4 methylpiperidine #2 

uG 1n N N 

1-ACETOACETYL-3-METHYLPIPERIDINE 
ETHYL 1-METHYL-3-PHENYL-4-PIPERIDINECARBOXYLATE / 

N 
C 

C S. "> N O 
OH O so 1\/\ { O 

3-BENZOYL-4-HYDROXY-1-METHYL-4-PHENYLPIPERIDINE #3 O H. 
Cl 

2,2,2-TRICHLOROETHYL 4-CYANO-4-PHENYL-1- 
PIPERIDINEPROPIONATEHCL 

H 
C11 NS 

NH 

4-Phenyl-4-piperidinecarbonitrile Hydrochloride #1 4-BENZYL-1-BUTYLPIPERIDINE 

Cl 
H O HN-N 

1-Aminohomopiperidine 

NH wCH3 
HC 4-BUTYRL-4-PHENYLPIPERIDINEHYDROCHLORIDE #5 o 

O C 
H1 

N 

A. J 
N 

H 
N OCH O O 

1-BENZYL-4-CYANO-4-PHENYLPIPERIDINE (CH2)5COCHs 
HYDROCHLORIDE #4 Apicidin 

N 
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-continued 

N-r 
NH 

NH2 

3-CARBAMOYL-N-DODECYL-1-PIPERIDINEACETAMIDE 

Example 9 

Engineered E. coli Hosts for High-Level Expression 
of Mammalian Transporters 

0330 Expression of NPC1 in bacteria as previously 
described by the inventors (Davies et al., 2000 Science 290, 
2295-2298) was limited by the fact that E. coli bacteria have 
a number of efflux pumps that belong in the Resistance 
Nodulation-Division (RND) family. These pumps transport 
molecules away from the E. Colicytosol in direct opposition 
to the direction of transport by NPC1 and NPC1 L1. This in 
turn complicates analysis of experimental data generated in 
this system. Thus, an AcrB mutant Strain has been obtained 
which lacks one of the major RND permeases part of the 
Acra, AcrB and Tolc complex. 
0331 First, using this strain the Tolc gene has been 
mutated by homologous recombination using the approach 
recently described (Link et al., 1997 J. Bacteriology 179, 
6228-6237). The TolC gene forms the channel on the E. coli 
outer membrane and it is shared by most of the RND per 
meases in E. coli. Thus, inactivating this gene effectively 
inactivates most if not all, E. coli RND permeases. 
0332 Second, following construction of the double AcrB, 
TolC mutant Strain, these bacteria were mutagenized and 
selected for strains with a “leaky' outer membrane similar to 
the previously described selection procedure (Davies et al., 
2000 Science 290, 2295-2298). This mutagenesis produced 
an AcrB/TolC/permeable strain. 
0333. Third, this triple mutant, (AcrB/TolC/Perm), was 
used to select for expression of large transmembrane proteins. 
This selection is accomplished by allowing NPC1-expressing 
and NPC1L1-expressing bacteria to spontaneously mutate on 
agar plates (as described by Miroux and Walker, 1996J Mol 
Biol 260, 289-298; Shaw and Miroux, (2003). A general 
approach to heterologous membrane protein expression in 
escherichia coli. In Membrane Protein Protocols, B.S. Selin 
sky, ed. (Totowa, N.J., Humana Press), pp. 23-35). Colonies 
that can grow and continuously express NPC1 and NPC1L1 
were isolated and cured of the NPC1 or NPC1L1 expression 
plasmids. This selection produced two strains: 
0334 a. AcrB/Tolc/Perm/N1; and 
0335 b. AcrB/Tolc/Perm/L1. 

Example 10 

NPC1L1 Assay Based on Ricin Endocytosis 

0336. Following the observation that human liver has the 
highest expression of NPC1L1, the human liver derived cell 
line Huh? was characterized. These cells express significant 
amounts of NPC1L1 as seen by mRNA and protein levels and 
were chosen for Subsequent studies. 
0337 First, stable clones were generated that expressed 
higher levels of NPC1L1 by introducing the human NPC1 L1 
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cDNA into these cells. About 30 clones were characterized 
and clone number 3 had about a five-fold increase in NPC1L1 
protein expression. 
0338 Next, a number of siRNAs were designed that tar 
geted the NPC1L1 mRNA at various positions. These siRNAs 
were tested and it was found that two siRNAs targeted 
NPC1L1 very efficiently. The sequence of these siRNAs are 
set forth as follows: 

1165 : TGGTCTTTACAGAACT CACTA (SEQ ID NO: 23) 

1484 : 

0339. The numbers 1165 and 1484 refer to the nucleotide 
position of the human NPC1L1 cDNA (set forth as SEQ ID 
NO:21), which is the first nucleotide of each siRNA. 
0340 Below are the actual construct sequences that were 
included in the siRNA expression vector (commercially 
available from GenScriptTM). The sequences were cloned into 
a BamPHI-HindIII sites. 

TCCGGACAATACCAGTCTCTA. (SEQ ID NO: 24) 

NPC1L1 Si RNA 1165 
(SEQ ID NO: 25) 

GGATCCCGTAGTGAGTTCTGTAAAGACCATTGATATCCGTGGTCTTT 
BamHI AntiSense Loop Sense 

ACAGAACTCACTATTTTTTCCAAAAGCTT. 
Terminator 

NPC1L1 Si RNA 1484 
(SEQ ID NO: 26) 
GGATCCCGTAGAGACTGGTATTGTCCGGATTGATATCCGTCCGG 
BamHI AntiSense Loop Sense 

ACAATACCAGTCTCTATTTTTTCCAAAAGCTT. 
Terminator 

0341. Both of these siRNAs were introduced into a vector 
and stable cell-lines were generated. More than 50 of these 
cell lines were characterized and four were chosen to be 
characterized further. Si6 was found to be the best cell-line. 
Si6 has greater than a 90% decrease in the NPC1L1 mRNA 
making this clone effectively null for NPC1L1 protein 
expression. 
0342. To further characterize these clones, a number of 
experiments were carried out using lipid uptake and various 
toxins to probe their transport. Fluorescent lipids ceramide, 
cholesterol and LacCer were incubated with cells for 60 min 
utes at 4° C. and then chased at 37° C. for 30 minutes. All 
lipids exhibited altered uptake and localization when com 
pared between the NPC1L1 positive clone number 3 and the 
NPC1L1 negative si6 clone. In particular, there was pro 
nounced Golgi localization of all lipids in the NPC1L1 nega 
tive si6 cells. 
0343. The endocytosis of a number of toxins such as Ricin, 
Diphtheria toxin and Verotoxin were then tested. In the case 
of ricin, the si6 cells appear to target this toxin to the Golgi 
much more rapidly than either the wild type cells or the clone 
number 3 cells. To confirm that these results are not due to 
Something unique to clone si6, the ricin uptake experiment 
was repeated with other, independent siRNA clones. All of 
these clones, with the exception of clone siS6, which was 
probably not a good siRNA clone, gave the same result with 
respect to ricin endocytosis. 
0344. A time course experiment was then carried out to 
determine the optimal time for detecting these differences in 
endocytosis. It was determined that as early as 15 minutes 
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following addition of the toxin, the different in endocytosis is 
apparent. Si6 cells show a dramatic Golgi staining with the -continued 
toxin whereas the wild type and number 3 clone cells exhibit S O OH 
only a punctate type of staining. H 
0345 Finally, to capitalize on these differences the viabil- N 

ity of these cells to Ricin, Diphtheria toxin and Verotoxin 
intoxication was tested. As predicted from the above results O 
the si6 cells are much more sensitive to the toxins since they 
appear to target these toxins to their Golgi more efficiently. 
Si6 cells exhibit higher sensitivity to Ricin following incuba O 
tion with Ricin overnight. N H 
0346 Alternatively, higher amounts of toxin (5 ug/ml) O N 
were incubated with the cells for different amounts of time. 
With this approach, similar to the above, a two-fold difference 
in Ricin sensitivity was seen. 

3-1-(2-hydroxyphenyl)aminoethylidene-2,4(3H,5H)- 
thiophenedione; and 

- - - 2-acetyl-3-(2-methylphenyl)amino-2-cyclopenten-1-one; and 

0347 In conclusion, the number 3 clone and Ricin intoxi 
cation can be used in an assay to measure an increase in the 
number 3 clone's sensitivity to Ricin based on NPC1L1 inhi- O 
bition. 

0348. The above described mammalian cell assay has o1 
been used to screen a library of 3,000 compounds. Molecules 3-(4-methoxyphenyl)amino-2-methyl-2-cyclopenten-1-one; and 
that are inhibitors of NPC1L1 activity have been identified 1. 
(see inhibitors below). A prokaryotic system for screening O 
potential NPC1 L1 inhibitors is also described herein (see 
Example 8). O 

Inhibitor hits: 3-(2-methoxyphenyl)amino-2-methyl-2-cyclopenten-1-one; and 
O 

) O 
c^ n O 

N-(4-acetylphenyl)-2-thiophenecarboxamide. 

NH 

4-Phenyl-4-piperidinecarbonitrile Hydrochloride; and Example 11 

Assay of NPC1L1 Function by Measuring Expres 
Sion of the NPC1L1 Promoter O 

2.H NH2 0349 The inventors observed that the NPC1L1 knockout 
mice described herein have high levels of truncated NPC1L1 
mRNA. This suggests that lack of NPC1L1 activity induces 
expression of NPC1L1. This observation can therefore be 

1-Butyl-N-(2,6-dimethylphenyl)-2 piperidinecarboxamide; and used to develop an assay for screening for NPC1L1 inhibitors. 
- 0350 Reporter vectors were constructed that place 

expression of the luciferase gene under the control of the 
N- human NPC1L1 promoter or the mouse NPC1L1 promoter. 

To validate this, the human construct was transfected into 
three human liver cell lines. 

0351. The promoter sequences of human and mouse 
1-(1-Naphthylmethy)piperazine NPC1L1 are set forth as SEQID NO:27 (human) and SEQID 
S O NO: 28 (mouse). These sequences are in the constructs driv 

H ing the expression of luciferase in vector pGL3 (Promega 
N CorpTM). These sequences also include the start codon and a 

short piece of protein coding region from the 5' end of the 
O genes and are cloned in-frame with firefly luciferase, thus 

creating luciferase with a short piece of NPC1L1 fused to it’s 
3-1-(2-methylphenyl)aminoethylidene-2,4(3H,5H)- 5' end. The start codon region is included because a potential 

thiophenedione; and transcription factor, YY1, is known to be involved in the 
regulation of several key lipid homeostasis genes; in the 
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human NPC1L1 promoter the transcription factor site covers 
the ATG in an antisense orientation and may possibly inhibit 
transcription of the gene from this start site. 
0352. As predicted, expression of luciferase in Wt Huh? 
(wild type; human liver) cells was detectable since these cells 
express NPC1L1 and therefore are expected to also express 
luciferase driven by the NPC1L1 promoter. When the con 
struct was introduced into the Huh? cells where expression of 
NPC1L1 is inhibited by an siRNA (Si6 as described above), 
expression is up regulated. In contrast, expression in cells that 
overexpress NPC1L1 (L13+) is down regulated compared to 
wild type cells (Wt) and even more so compared to the cells 
that do not express NPC1L1 (Si6 cells). 
0353. These results indicate that NPC1L1 is unique in that 

it regulates its own expression. That is, when cells sense that 
there is lack of NPC1L1 activity the cells up-regulate the 
NPC1L1 promoter and when levels of NPC1L1 protein rise 
the cells down-regulate NPC1L1 expression. Thus, the L13+ 
cell-line can also be used for screening NPC1L1 inhibitors. 
Inhibitors of NPC1L1 induce expression of the luciferase 
gene driven by the NPC1L1 promoter to the levels detected in 
the Si6 cells, e.g., about 4-5 fold higher. 
0354. The inhibitors identified using the ricin intoxication 
assay (Example 10) were tested in utilizing the above assay 
whereby upregulation of the NPC1L1 promoter was used to 
detect the inhibition of the NPC1L1 protein. As shown in FIG. 
8, 4-Phenyl-4-piperidinecarbonitrile Hydrochloride (#1), 
(1-Butyl-N(2,6-diemethylphenyl)2 piperidine carboxamide) 
#72-acetyl-3-(2-methylphenyl)amino-2-cyclopenten-1- 
one, 3 (1-(2-hydroxyphenyl)aminoethylidene-2,4(3H, 
5H)-thiophenedione and gave a positive signal compared to 
control (none). Note that Ezetamibe did not inhibit NPC1L1 
in this assay. 

Example 12 

Comparison of NPC1L1 (-/-) Knockout and 
C57BL6 Wild-Type Mice Fed a High Fat Diet 

0355 Wild-type C57BL6 mice are known to be suscep 
tible to diet induced obesity, followed by the development of 
type II (non-insulin dependent) diabetes. Administration of a 
diabetogenic high fat diet can induce these symptoms in 
wild-type C57BL6 mice. 
0356. Obesity is strongly associated with diabetes and as 
the mice become progressively more obese there is an 
increase in lipid deposition in adipose tissue, along with 
ectopic deposition of lipid in key peripheral tissues such as 
skeletal muscle, the liver and pancreas. Elevated amounts of 
plasma lipids, such as fatty acids are also observed. The 
peripheral tissues eventually fail to respond to insulin, lead 
ing to insulin resistance, glucose intolerance and elevated 
plasma glucose. The pancreatic B-cells attempt to compen 
sate for the insulin resistance and glucose intolerance by 
producing more insulin, leading to hyperinsulinemia. Overt 
diabetes occurs when the pancreatic B-cells fail to secrete 
adequate amounts of insulin to lower plasma glucose levels 
and pancreatic cell damage occurs. 
0357 Under normal conditions, insulin regulates glucose 
by stimulating glucose uptake and metabolism in adipose and 
skeletal muscle tissues. It also inhibits gluconeogenesis in the 
liver. In the pre-diabetic and in patients with overt diabetes, 
this regulation is impaired so that plasma glucose can no 
longer be effectively maintained at the required levels. 
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0358. The studies below compare the effect of the 
NPC1L1 gene knockout (-/-) with wild-type C57BL6 mice 
that become obese and develop type II diabetes, during 
administration of a high fat diet. Mice that were 7-8 weeks of 
age were placed on a high fat diet for these studies. 
0359. The NPC1L1 (-/-) knockout mice were protected 
against the diet-induced obesity and diabetic symptoms 
observed in wild-type (wt) C57BL6 mice. Therefore, inhibi 
tors of NPC1L1 may be useful for the treatment and/or pre 
vention of obesity and diabetes. 

1. Body Weight of Two Sets of Mice Fed a High Fat Diet 
0360. The following experiments show that whilst the 
wild-type (wt) C57BL6 mice become obese when fed a high 
fat diet, the NPC1L1(-/-) knockout mice resist the develop 
ment of obesity. Data is from two independently analyzed sets 
of mice identified as mouse set 1 and mouse set 2. 
0361. In the first experiment, NPC1L1 gene knockout 
(-/-) and wild-type (wt) mice were fed a high fat diet for 
0-245 days and weighed on a weekly basis for most of the 
time-course. There were 5 knockout mice and 6-7 wild-type 
mice used in this experiment. 
0362. As shown in FIG. 9A, the wild-type mice became 
obese whilst the knockout mice resisted the weight gain. By 
245 days the knockout mice had an average weight of 32.5g 
whilst the wild-type mice were 55.4g. 
0363. In a second experiment, NPC1L1 gene knockout 
(-/-) and wild-type (wt) mice were fed a high fat diet for 0-95 
days and weighed on a weekly basis for most of the time 
course. There were 7 knockout mice and 7 wild-type mice 
used in this experiment. 
0364. As shown in FIG. 9B, the wild-type mice became 
obese whilst the knockout mice resisted the weight gain. By 
245 days the knockout mice had an average weight of 25.3g 
whilst the wild-type mice were 45.4g. 

2. Glucose Tolerance Tests on Mice 

0365. The data below shows that on a regular chow diet, at 
7 weeks of age, the wild-type (wt) C57BL6 and NPC1L1 
(-/-) knockout mice have a normal and similar ability to clear 
blood glucose. 
0366. When fed the high fat diet, the NPC1L1(-/-) knock 
out mice, although showing slightly impaired glucose toler 
ance, are able to effectively regulate their blood glucose, in 
contrast to the wild-type mice, which show classic glucose 
intolerance at both 102 and 262 days of high fat diet admin 
istration. 
0367. After weaning, 7 wild-type and 5 knockout mice 
(age-matched) were fed a regular chow diet. At 7 weeks of age 
the mice were fasted overnight and then injected intraperito 
neally with glucose. Blood glucose was measured from 0-120 
min. There is no significant difference in the glucose toler 
ance of these wild-type and NPC1L1 (-/-) knockout mice as 
both show efficient clearance of excess blood glucose (see 
FIG. 10). 
0368. In a second experiment, mice were placed on a high 
fat diet at 7-8 weeks of age and, after 102 days offeeding the 
high fat diet, glucose tolerance was tested in 6 wild-type and 
5 gene knockout mice. The mice were fasted overnight and 
then injected intraperitoneally with glucose. Blood glucose 
was measured at 0-240 min after injection. The wild-type 
mice are significantly intolerant to intraperitoneal glucose 
injection, with slow clearance. In contrast, the gene knockout 
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mice effectively clear the injected glucose. The glucose intol 
erance observed in the wild-type mice is a sign of the onset of 
type II diabetes and is likely to be associated with the weight 
gain seen in these mice. The gene knockout mice seem to be 
protected against this symptom of diabetes (see FIG. 11A). 
0369. In a third experiment, mice were placed on a high fat 
diet at 7-8 weeks of age and, after 262 days offeeding the high 
fat diet, glucose tolerance was tested in 6 wild-type and 5 gene 
knockout mice. The mice were fasted overnight and then 
injected intraperitoneally with glucose. Blood glucose was 
measured at 0-240 min after injection. At 262 days offeeding 
on a high fat diet the wild-type mice were significantly more 
intolerant to intraperitoneal glucose injection, with severely 
slowed clearance, compared with the NPC1L1 (-/-) gene 
knockout mice, which effectively reduce the elevated glu 
cose. The glucose intolerance observed in the wild-type mice 
is indicative of type II diabetes. The NPC1L1 (-/-) gene 
knockout mice, although not completely normal in their glu 
cose clearance time, are not nearly as severely affected as the 
wild-type mice (see FIG. 11B). 

3. Insulin Tolerance Test in Mice 

0370 Normally, insulin stimulates glucose uptake and 
metabolism in adipose and skeletal muscle tissues as well as 
inhibiting gluconeogenesis in the liver, thus lowering blood 
glucose levels. The data below shows that when insulin is 
administered to the wild-type C57BL6 mice fed a high fat diet 
there is little effect on the blood glucose levels in these mice, 
indicating that they have become intolerant to the effects of 
insulin in lowering blood glucose. The NPC1L1(-/-) knock 
out mice respond to the insulin administration with a decrease 
in blood glucose, as expected in insulin responsive animals. 
0371. In a first experiment, mice were fed a high fat diet for 
105 days (7 wild-type and 7 knockout mice). After a 3 hour 
fast, mice were injected intraperitoneally with insulin and 
their blood glucose was measured. The decrease in blood 
glucose caused by insulin administration was clear in the 
NPC1L1 (-/-) gene knockout mice, with a rapid decrease in 
glucose levels. In the wild-type mice there was a muted, 
almost non-existent response to insulin injection as the glu 
cose levels remained high (see FIG. 12A). This insulin resis 
tance observed in the wild-type C57BL6 mice is characteris 
tic of mice in a pre-diabetic or overtly diabetic state. 
0372. In a second experiment, mice were fed a high fat diet 
for 252 days (6 wild-type and 5 knockout mice). After a 3 hour 
fast, mice were injected intraperitoneally with insulin and 
their blood glucose was measured. As at 105 days, the 
decrease in blood glucose caused by insulin administration 
was clear in the NPC1L1 (-/-) gene knockout mice, with a 
decrease in glucose levels. In the wild-type mice there was a 
muted, almost non-existent response to insulin injection as 
the glucose levels remained high (see FIG. 12B). This insulin 
resistance observed in the wild-type C57BL6 mice is charac 
teristic of mice in a pre-diabetic or overtly diabetic state. 
4. Insulin Measurements in Nice Injected with Glucose 
0373) In a first experiment, glucose was injected intraperi 
toneally into 7 wild-type and NPC1L1 (-/-) gene knockout 
mice that had been fed a high fat diet for 72 days and then 
fasted overnight. Plasma insulin was measured at 0-30 min. In 
the knockout mice the pre-injection plasma insulin was low 
and the increase in insulin caused by glucose injection was 
presumably short-lived as it was not detected at 15 minutes, 
the first measurement post-glucose injection, results that 
would be expected in non-diabetic mice (see FIG. 13A). The 
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wild-type mice have hyperinsulinemia and the elevated insu 
lin levels are maintained throughout the course of the experi 
ment and this is characteristic of a pre-diabetic and diabetic 
disease state. 
0374. In a second experiment, glucose was injected intra 
peritoneally into 6 wild-type and 5 NPC1L1 (-/-) gene 
knockout mice that had been fed a high fat diet for 220 days 
and then fasted overnight. Plasma insulin was measured at 
0-30 min. As at 72 days, in the knockout mice the pre-injec 
tion plasma insulin was low and the increase in insulin caused 
by glucose injection was presumably short-lived as it was not 
detected at 15 minutes, the first measurement post-glucose 
injection, results that would be expected in non-diabetic mice 
(see FIG. 13B). The wild-type mice have hyperinsulinemia 
and the elevated insulin levels are maintained throughout the 
course of the experiment and this is characteristic of a pre 
diabetic and diabetic disease state. 

5. Plasma Lipoprotein Profiles in the Mice at 120 and 268 
Days of High Fat Diet 
0375 Plasma lipid profiles were analyzed in wildtype and 
NPC1L1(-/-) mice. The knockout mice significantly lower 
plasma LDL and HDL and total cholesterol than the wild 
type mice. The plasma triglyceride levels were similar in both 
groups (see FIGS. 14A and 14B). 

Example 13 

Comparison of Food Intake of NPC1L1 (-/-) 
Knockout and C57BL6 Wild-Type Mice 

0376 Food intake of mice lacking NPC1L1 (NPC1L1 
knockout mice) has been investigated by the inventors. It has 
been found that there is no difference between wild-type and 
knockout mice with respect to the amount of food consumed. 
This indicates that lack of NPC1L1 (or inhibition of 
NPC1L1) does not suppress appetite. 
0377 Since NPC1L1 appears to regulate the flow of lipids 
(and possibly other nutrients) from the plasma membrane 
(uptake) to the various cellular organelles Such as Golgi and 
ER it was hypothesized that lack (or decreased) NPC1L1 
activity could have a number of effects on cellular homeosta 
sis: 1) limit the amount of nutrients (lipids, proteins, Sugars) 
that become available for cellular processes, 2) alter signaling 
cascades that tell the cell to behave as if nutrients are plentiful, 
and 3) stimulate a limited nutrient response. 
0378. However, when mice are challenged with a high fat 
diet (60 kcal % fat; Diet D12492, available from Research 
Diets, Inc.TM, New Brunswick, N.J.) the results are interest 
ing. In the beginning stages of the high fat diet, the NPC1L1 
knockout mice are eating less (about 60% of the wild-type 
mice). As they are challenged longer >90 days their intake 
becomes similar to wild-type mice. Importantly, even after 90 
days, the knockout mice still do not gain as much weight as 
the wild-type animals (see FIG. 18). 

Example 14 
White Adipose Tissue Has Significant Expression 

Levels of NPC1L1 

0379 Previous real-time PCR data have shown that 
NPC1L1 is elevated in the small intestine of both mice and 
humans and in addition, is high in the human liver. The data 
described herein shows that adipose tissue expresses a sig 
nificant amount of NPC1L1. Since the absence of NPC1L1 is 
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protective against obesity and type II diabetes and adipose 
tissue plays a role in the development of both of these dis 
eases, finding significant expression in these tissues is of 
considerable interest. 
0380 NPC1L1 transcript was measured by semi-quanti 

tative real-time PCR, normalized to B-actin expression. As 
shown in FIG. 15, in mouse white adipose (gonadal) tissue, 
NPC1L1 is expressed at 9% of the amount detected in the 
Small intestine, which has the most abundant expression of 
NPC1L1. This is a significant amount compared with other 
tissues (for example, pancreas has only 2% of Small the 
amount found in the Small intestine). The pre-adipocyte 
mouse cell line 3T3L1 does not express NPC1L1. 
0381 NPC1L1 transcript was measured by semi-quanti 

tative real-time PCR in mouse white (gonadal) adipose 
(WAT) and interscapular brown adipose tissue (IBAT), nor 
malized to B-actin expression. As shown in FIG. 16, expres 
sion of NPC1L1 is higher in white adipose tissue and the 
amount in brown adipose is 42% of that found in the white 
tissue. 
0382 NPC1L1 transcript was also measured by semi 
quantitative real-time PCR in human liver and white adipose 
tissue, normalized to B-actin expression. As shown in FIG. 
17, the expression in human white adipose tissue was 3% of 
that detected in human liver. Previously, it was found that 
human jejunum (the highest expressing human intestine tis 
sue) had 4% of the NPC1L1 transcript found in human liver 
and so a value of 3% for adipose is a significant amount of 
NPC1L1. Many other tissues have less than 1% of the 
NPC1L1 detected in liver. 

Example 15 

Creation of NPC1L1 Transgenic Mice that Overex 
press NPC1L1 

Rationale: 

0383. The NPC1L1 knockout mouse was instrumental in 
deciphering the lipid transport function of this protein and its 
critical role in intestinal cholesterol and other lipid transport. 
A powerful tool in drug discovery and drug testing (to deter 
mine is a drug acts directly on NPC1L1) is a mouse that 
overexpresses NPC1L1. There are a number of consider 
ations in developing such as model. First, these mice must be 
able to tolerate higher expression of NPC1L1 so that its 
expression does not cause lethality. Second, given that the 
mouse NPC1L1 gene is not expressed in all mouse tissues, a 
system must be designed that expresses the protein at high 
levels but only in the appropriate tissues. 
0384 The first consideration can only be determined once 
the transgenic mice are generated and evaluated to see if they 
can pass the NPC1L1 genes to their progeny. To address the 
second consideration the mouse complete gene (genomic 
sequence as described below) was used. In this manner, the 
promoter and all regulatory elements are maintained and 
provided the tissue specificity required. 

Results: 

0385. The entire mouse gene sequence of NPC1L1 was 
cleaved from a Bac vector, clone RP23-64P22 (from female 
mouse library), obtained from BacPac ResourcesTM, Oakland 
Calif., which contains the unordered genomic fragments 
given in GenBank Accession number AC079435. The com 
plete, ordered, gene sequence is given in GenBank sequence, 
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accession number AL607152. According to this ordered 
sequence (GenBank Accession number AL607152) the gene 
spans nucleotides 37338 (5' end) to 18610 (3' end) in an 
antisense orientation. 
0386 A region spanning the complete gene was excised 
using the restriction endonuclease enzyme Mfel, which 
cleaves the region from nucleotides 6656-46736, of GenBank 
Accession number AL607152, containing the entire NPC1L1 
gene and almost 10 kb of sequence upstream of the start 
codon and therefore including the entire NPC1L1 promoter 
region for regulated gene expression. 
(0387. The Mfel fragment was cloned into the 6.8 kb vector 
pSMARTVC (Lucigen CorporationTM) at its EcoRI site. 
(0388. The NPC1L1/pSMARTVC vector was cleaved 
using AscI and PmeI and a linearized NPC1L1 fragment, with 
short, flanking vector arms was isolated by Sucrose gradient 
separation to allow removal of most of the pSMART vector. 
(0389. The isolated NPC1L1 gene fragment was then 
injected into fertilized mouse eggs and these placed into 
pseudopregnant C57BL6 mice (TaconicTM). Transgenic mice 
were created by incorporation of the transgene into these 
mice. The mice were screened by PCR amplification of both 
their 5' and 3' ends, using one primer that contained the 
NPC1L1 gene sequence and a second primer that contained 
the short flanking pSMART vector arm sequence. 
0390 The primers used to amplify the 5' end of transgenic 
NPC1L1 have the following sequence: pSMART 5' 
CTATACGAAGTTATGTCAAGCGG (SEQID NO:30) and 
mNPC1L1 BAC 46043(+) CTTGCACCTGACTTCCT 
CATATAAG (SEQ ID NO:31). 
0391 The primers used to amplify the 3' end of transgenic 
NPC1L1 have the following sequence: pSMART 3' AAA 
GAAGGAAAGCGGCCGCCAGG (SEQ ID NO:32); and 
mNPC1L1 BAC 7568 (-) AGGAACCGTACTGAGCGCAT 
ACCAA (SEQID NO:33). Therefore, presence of the 5' and 
3' ends of the NPC1L1 transgene in the progeny mice was 
confirmed, indicating that at least one additional copy of the 
mouse NPC1L1 gene had been inserted. 
0392. Two transgenic mouse lines have been created and 
one has successfully transmitted the transgene to its offspring 
(3 out of 7). Both of the parental original transgenic mice have 
an increased body weight, compared to the average weight of 
C57BL6 mice (Both transgenic mice were overweight). Male 
mouse #2 (which has successfully produced offspring) was 
34 grams at 5.5 months of age. Female mouse #6 was 37 
grams at 4 months of age (no offspring)). The average weight 
of a normal mouse at 4-6 months of age is about 25 grams. 
0393 Also, when genotyping these mice, the DNA was 
prepared by proteinase K digestion to produce crude, unpu 
rified DNA for PCR-analysis. Unusually, there appeared to be 
lipid floating on the top of the extract and the ODabnormal, 
most likely due to excess tissue lipids. 

CONCLUSION 

0394 The NPC1L1 gene was identified, based on its struc 
tural homology to NPC1. Cell-based studies of the NPC1L1 
indicate that NPC1L1 has a predominant intracellular local 
ization, with concentration in the Golgi and ER compart 
ments. mRNA expression profiling of NPC1L1 reveals sig 
nificant differences in RNA transcript levels between mouse 
and man, with highest expression levels found in human liver. 
Isolation of the mouse NPC1L1 gene allowed implementa 
tion of a knockout model of NPC1L. Mice lacking a func 
tional NPC1L1 have multiple lipid transport defects. Surpris 
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ingly, lack of NPC1L1 exerts a protective effect against diet 
induced hyercholesterolemia. When compared with wild 
type controls, NPC1L1-deficient mice also show a different 
response in levels of glucose, LDL-cholesterol, and HDL 
cholesterol following a shift from a low-fat to high-fat diet. 
Further characterization of cell lines generated from wild 
type and knockout mice reveals that, in contrast to wild-type 
cells, NPC1L1-deficient cells show aberrations in both 
plasma membrane uptake and Subsequent transport of a vari 
ety of lipids, including cholesterol, fatty acids, and sphin 
golipids. Furthermore, cells lacking NPC1L1 reveal aberrant 
caveolin transport and localization, Suggesting that the 
observed lipid defects may result from an inability of 
NPC1L1 to properly target and regulate caveloin expression. 
Furthermore, comparison of NPC1L1 knock-out mice to wild 
type mice fed on a high fat diet indicates that the absence of 
NPC1L1 is protective against obesity and type II diabetes. In 
addition, it has been found that NPC1L1 is highly expressed 
in white adipose tissue, which is involved in the development 
of obesity as well as diabetes. Thus, inhibitors of NPC1L1 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 33 

<210 SEQ ID NO 1 
&2 11s LENGTH: SOOOO 
&212> TYPE: DNA 
<213> ORGANISM: Mus musculus 

<4 OO SEQUENCE: 1 
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would be capable of treating obesity and diabetes in a subject, 
in addition to hyperlipidemia and other lipid-related disorders 
such as cardiovascular disease. Several inhibitors of NPC1L1 
have been identified, as set forth above. In addition, a trans 
genic mouse that overexpresses NPC1L1 has been created. 
This transgenic animal is useful for the identification and 
validation of agents that modulate NPC1L1. 
0395. The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed, various 
modifications of the invention in addition to those described 
herein will become apparent to those skilled in the art from 
the foregoing description and the accompanying figures. 
Such modifications are intended to fall within the scope of the 
appended claims. 
0396. It is further to be understood that all values are 
approximate, and are provided for description. 
0397 Patents, patent applications, publications, product 
descriptions, Accession Nos., and protocols are cited 
throughout this application, the disclosures of which are 
incorporated herein by reference in their entireties for all 
purposes. 

Cttttittgac agccaaatct tttitt tattgggggaacggg to tctagggg gtaggcctag 60 

gcc ct cactg. cacagcttgt to attggcac tdcct coaga atcc tigtggc tit catcacat 12O 

Ctggaagctic gggagggctg gagaagggct caatgcggag agtttcgaag gtgtcatctt 18O 

Ctcggaaggc caggcc.cact gtggctgtgc tigtctggct a gtgaagccac acticgcc.cag 24 O 

agttittgcca to at Caagga gctggtcatC Cttgtaaagc agcc.gct cot Ctggcggc.cg 3 OO 

cittgaggatgtc.ctic gacga tigtgcttcaa titcgaacaca gtgct caact tcttggcatc 360 

Cagaaagatg gtggt Cttgt ggcaccggat catgagaaac atgtcCattic tdgcggctgc 42O 

ttctggcttg aggcgc.cagt gcago'cc caa ttgttggctitt citttgtttct tttittttitta 48O 

aagctittatt tattt attaa ttatatgtaa gtacactgta gttgtc.ttca gacaccc.cag 54 O 

aaaaaggtaa Catct catta cqgatggttg tagcaiacca totggttgtt gggatttgaa 6 OO 

cticaggactt coagaaaagc agt cagtgct cittaagtgct gagc catttic to cago coaa 660 

ttgtagctitt ctataatggit gtctgtctgt agcaaagaaa ggcttcttitt tattgttatt 72O 

atatattgta tatataaaat ttittctttitt attgct atta td tattggat atataggatt 78O 

gtatatatat gcatatgtag ttatatattt at at attaca tacatacata tatatagttg 84 O 

ttataattitt attittatgtt tatggatgtt ttgcctgcat gtatgtctgt accqtgtgtg 9 OO 

tgtgtgttgttg cgtgtgtgtg ttgttgttgtg ttgttgttgttgttgttatctg gtgcct gagg 96.O 

aagtgagaag agggtgtcag at CCC ctgga actgtagtta tatgttgcgc gcgct caact 102O 

ggc.caggaag aacgacgct g ctacaggat.c cttctgcaca catttatt ca gtcc tdtttc 108O 

ttctttctoc atatatotcc cttgtttata totcccttgt ttatat citcc cttgtttata 114 O 
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atgctact at Ctt catgggc agtgcggtga gtggggaggg atggc ct cac cctgcgatcc 2856 O 

acctgagcct titatgtcc to citgtgctgac toctdgctgt gactic ct gcc aggtgtttgc 28 62O 

tggagtggcc atgaccaact tcc.cgggcat cot catcct g g gctittgctic aggcc cagot 2868 O 

tatic cagatt ttcttctitcc gcct caacct c ct gatcacc ttgctgggtc. tcc tacacgg 2874 O 

cctggit ctitc ctdcc.cgttg to ct cagota t ctdggtgag tacctgtgca caccc.ggcca 288OO 

agatgtcaca actgtgagca ttgat caaaa tdgtgcc tigc ticc cctdgaa aacttagaga 2886 O 

titt caggctgagggittttac catacatcct actittgggag ctitttgttitt acatttaata 2892O 

tgcagoaa.gc atctitt ct ct gtgagttgat tdtgtc.ttaa acactgtgtg ggctgctgaa 2898O 

cittittctgat agacgttitat gcacatacaa acacacacac aaatggacac acatgcacat 2904 O 

aaacacacat act cacatag acacacactic agacacacat gtacacatt c acacagacac 291OO 

acatagacac acatatatac agaga cacac agacacaagc atacact cat acacacagac 29160 

acacatatag acact cacag acacact cac acaag cacag atacaaatac acacacacac 2922O 

t cacaatttgaatgcacaga cacacagata cagatacata cact catact cacatataaa 2928O 

Cact cacaca Cagacacaca aaaacatgta Caggggotgg agagatggct cagtggittaa 2934 O 

aagcagtagc tigcttgct ct tccagagg to ctgagttcaa titcc.cagcaa toaaatggtg 294 OO 

gct cacaact atctataatg gtaac caatig ccct citt cag gtgttgtctaa agacagotac 2.9460 

agtgtactta tataaatgaa ataaataaat ctittaaacac acacatacaa agacacatac 2952O 

t catatacac aaacacacac acaca catac agacacacgt. tcacagaagic acagacacac 2958O 

acticacagat acacacagac atgtacataa aagacacaca catacacaga cacacacaca 2964 O 

cacacacaca cacacacaca cacacttct c tdtagatgga acccagaata ttgcacatgc 297OO 

taggcaagta citgitaccact gag to acacci ttagcacaga atacatattt tacaatgaga 2976 O 

attgatgagt gagg to catg agattgtctgagtag attct gag cct cittg ct catatagt 2982O 

aagaga aggt g tattittggc caat cacagt atatatgttt ggaat ct cag gigt cct catg 2988 O 

gcatcaactg tagt cactgaggctctgttt toggaccalatt acagotttco tottggcatc. 2994 O 

aattt catcc toggattgtgc tittaggccaa toacagt citt gcc tottagc ct cacaa.cag 3 OOOO 

tctic cagcta cat caccagg ggtggtggtg gtggt attca acctacagct gatgaaggcc 3 OO60 

taagggcc.gt Ctggctgata gttct tcagg gCagacagaa cagcaaggcc gag toccaca 3012O 

ggtggtgttt aggaaagcag attgc.cc.cat CCtgcagcat Cttagcttgc titacagggaC 3018O 

atgggcatca ggagcgctta caatataatc taaagagatt attaggacga ataatgatct 3 O24 O 

taatatattgttaatggtgc tigcacatgct taact cacca agtaccc.cag gaagaagtgt 3O3OO 

titcc ctitatic togcatcact t c ct coactict c tatttaagc agcct acaac ttctggit cat 3O360 

tagact attt ctdatgctat act actgttg ctago actac agtaactgac cittgttgctg 3O42O 

aatctittgac cittgtcatcc agtattittct tagagtaaac ctdgagatgt tdattattga 3O48O 

tgtcggttgt taatactic cc cacaaagttcaatggtgatg ataatggtgg togtggtggt 3054 O 

ggcattagag to acct acag gaact cactg act at ctittg toggagaagaa totgitatgtt 3 O 6 OO 

ggggacagtgagggaacagc cctgggagat gttgc.ca.gcc cagagcctica gagacacagg 30660 

Ctggaagttt Ctagacct at atggggtgga gag tact gag gactgcaa.gc Ctcc catcc C 3072O 

Cagtgatgaa gctgtagt ca agaat accct gaagctaggg ctatgcaa.gc agagt cc.cga 3078O 
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gtgttctacc agcaatacct gacggttct c cctdagggaa tott cactict togct citctgc 3360 

titcgtgcc.ca cctttgttggit ctdctacctic ctactgggcc toggacatacg ct caggcatc 342O 

citcaiacct gc tict coatcat tatgatcc to gtggacacca toggcct cat ggctgtgtgg 3480 

ggtaticagot acaatgctgt gtc.cct catc aaccttgtca C9gcagtggg catgtctgtg 354 O 

gagttcgtgt CCC acattac Ccggit cottt gctgtaa.gca C caa.gc.ctac cc.ggctggag 36OO 

agagccaaag atgctact at Ctt catgggc agtgcggtgt ttgctggagt ggc catgacc 366 O 

aact tcc.cgg gcatcc ticat cotgggctitt gct caggc.cc agctitat coa gattittcttic 372 O 

titcc.gc.ctica acct cotgat caccittgctg ggtctgctac acggcctggit ctitcc tigcc c 378 O 

gttgtc.ctica gct atctggg gcc agatgtt aacca agctic tigtactgga ggagaaact a 384 O 

gccactgagg cagc.catggit Ctcagagcct tcttgcc cac agtaccc.ctt C ccggctgat 3900 

gcaaacacca gtgactatgt taactacggc tittaatccag aattitat coc togaaattaat 396 O 

gctgctagoa gct citctgcc caaaagtgac caaaagttct aa 4 OO2 

<210 SEQ ID NO 3 
<211 LENGTH: 1333 
&212> TYPE: PRT 
<213> ORGANISM: Mus musculus 

<4 OO SEQUENCE: 3 

Met Ala Ala Ala Trp Glin Gly Trp Lieu. Lieu. Trp Ala Lieu. Lieu. Lieu. Asn 
1. 5 1O 15 

Ser Ala Glin Gly Glu Lieu. Tyr Thr Pro Thr His Lys Ala Gly Phe Cys 
2O 25 3O 

Thr Phe Tyr Glu Glu. Cys Gly Lys Asn Pro Glu Lieu Ser Gly Gly Lieu. 
35 4 O 45 

Thir Ser Leu Ser Asn Ile Ser Cys Lieu Ser Asn Thr Pro Ala Arg His 
SO 55 6 O 

Val Thr Gly Asp His Lieu Ala Lieu. Lieu. Glin Arg Val Cys Pro Arg Lieu 
65 70 7s 8O 

Tyr Asn Gly Pro Asn Asp Thr Tyr Ala Cys Cys Ser Thr Lys Gln Leu 
85 90 95 

Val Ser Lieu. Asp Ser Ser Lieu. Ser Ile Thir Lys Ala Lieu. Lieu. Thir Arg 
1OO 105 11 O 

Cys Pro Ala Cys Ser Glu Asn Phe Val Ser Ile His Cys His Asn Thr 
115 12 O 125 

Cys Ser Pro Asp Glin Ser Leu Phe Ile Asin Val Thr Arg Val Val Glin 
13 O 135 14 O 

Arg Asp Pro Gly Glin Lieu Pro Ala Val Val Ala Tyr Glu Ala Phe Tyr 
145 150 155 160 

Glin Arg Ser Phe Ala Glu Lys Ala Tyr Glu Ser Cys Ser Arg Val Arg 
1.65 17O 17s 

Ile Pro Ala Ala Ala Ser Lieu Ala Val Gly Ser Met Cys Gly Val Tyr 
18O 185 19 O 

Gly Ser Ala Lieu. Cys Asn Ala Glin Arg Trp Lieu. Asn. Phe Glin Gly Asp 
195 2OO 2O5 

Thr Gly Asn Gly Lieu Ala Pro Lieu. Asp Ile Thr Phe His Lieu. Lieu. Glu 
21 O 215 22O 

Pro Gly Glin Ala Lieu Ala Asp Gly Met Llys Pro Lieu. Asp Gly Lys Ile 
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225 23 O 235 24 O 

Thr Pro Cys Asn. Glu Ser Glin Gly Glu Asp Ser Ala Ala Cys Ser Cys 
245 250 255 

Gln Asp Cys Ala Ala Ser Cys Pro Val Ile Pro Pro Pro Pro Ala Leu 
26 O 265 27 O 

Arg Pro Ser Phe Tyr Met Gly Arg Met Pro Gly Trp Leu Ala Lieu. Ile 
27s 28O 285 

Ile Ile Phe Thr Ala Val Phe Val Lieu. Leu Ser Val Val Lieu Val Tyr 
29 O 295 3 OO 

Lieu. Arg Val Ala Ser Asn Arg Asn Lys Asn Llys Thr Ala Gly Ser Glin 
3. OS 310 315 32O 

Glu Ala Pro Asn Lieu Pro Arg Lys Arg Arg Phe Ser Pro His Thr Val 
3.25 330 335 

Lieu. Gly Arg Phe Phe Glu Ser Trp Gly Thr Arg Val Ala Ser Trp Pro 
34 O 345 35. O 

Lieu. Thir Wall Lieu. Ala Lieu. Ser Phe Ile Wal Wall Ile Ala Lieu. Ser Wall 
355 360 365 

Gly Lieu. Thir Phe Ile Glu Lieu. Thir Thr Asp Pro Val Glu Lieu. Trp Ser 
37 O 375 38O 

Ala Pro Llys Ser Glin Ala Arg Lys Glu Lys Ala Phe His Asp Glu. His 
385 390 395 4 OO 

Phe Gly Pro Phe Phe Arg Thr Asn Glin Ile Phe Val Thr Ala Lys Asn 
4 OS 41O 415 

Arg Ser Ser Tyr Llys Tyr Asp Ser Lieu. Lieu. Lieu. Gly Pro Lys Asn. Phe 
42O 425 43 O 

Ser Gly Ile Lieu. Ser Lieu. Asp Lieu. Lieu. Glin Glu Lieu. Lieu. Glu Lieu. Glin 
435 44 O 445 

Glu Arg Lieu. Arg His Lieu. Glin Val Trp Ser His Glu Ala Glin Arg Asn 
450 45.5 460 

Ile Ser Leu Glin Asp Ile Cys Tyr Ala Pro Leu. Asn Pro His Asn Thr 
465 470 47s 48O 

Ser Lieu. Thir Asp Cys Cys Val Asn. Ser Lieu. Lieu. Glin Tyr Phe Glin Asn 
485 490 495 

Asn His Thir Lieu Lleu Lleu Lieu. Thir Ala Asn Glin Thr Lieu. Asn Gly Glin 
SOO 505 51O 

Thir Ser Lieu Val Asp Trp Lys Asp His Phe Lieu. Tyr Cys Ala Asn Ala 
515 52O 525 

Pro Lieu. Thir Tyr Lys Asp Gly Thr Ala Lieu Ala Lieu. Ser Cys Ile Ala 
53 O 535 54 O 

Asp Tyr Gly Ala Pro Val Phe Pro Phe Leu Ala Val Gly Gly Tyr Glin 
5.45 550 555 560 

Gly Thr Asp Tyr Ser Glu Ala Glu Ala Lieu. Ile Ile Thr Phe Ser Ile 
565 st O sts 

Asn Asn Tyr Pro Ala Asp Asp Pro Arg Met Ala His Ala Lys Lieu. Trip 
58O 585 59 O 

Glu Glu Ala Phe Leu Lys Glu Met Glin Ser Phe Glin Arg Ser Thr Ala 
595 6OO 605 

Asp Llys Phe Glin Ile Ala Phe Ser Ala Glu Arg Ser Lieu. Glu Asp Glu 
610 615 62O 

Ile Asn Arg Thr Thr Ile Glin Asp Leu Pro Val Phe Ala Ile Ser Tyr 
625 630 635 64 O 
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Lieu. Ile Val Phe Lieu. Tyr Ile Ser Lieu Ala Lieu. Gly Ser Tyr Ser Arg 
645 650 655 

Trp Ser Arg Val Ala Val Asp Ser Lys Ala Thr Lieu. Gly Lieu. Gly Gly 
660 665 67 O 

Val Ala Val Val Lieu. Gly Ala Val Val Ala Ala Met Gly Phe Tyr Ser 
675 68O 685 

Tyr Lieu. Gly Val Pro Ser Ser Leu Val Ile Ile Glin Val Val Pro Phe 
69 O. 695 7 OO 

Lieu Val Lieu Ala Val Gly Ala Asp Asn. Ile Phe Ile Phe Val Lieu. Glu 
7 Os 71O 71s 72O 

Tyr Glin Arg Lieu Pro Arg Met Pro Gly Glu Glin Arg Glu Ala His Ile 
72 73 O 73 

Gly Arg Thr Lieu. Gly Ser Val Ala Pro Ser Met Lieu. Lieu. Cys Ser Lieu. 
740 74. 7 O 

Ser Glu Ala Ile Cys Phe Phe Leu Gly Ala Lieu. Thir Ser Met Pro Ala 
7ss 760 765 

Val Arg Thr Phe Ala Lieu. Thir Ser Gly Lieu Ala Ile Ile Phe Asp Phe 
770 775 78O 

Lieu. Lieu Gln Met Thr Ala Phe Val Ala Lieu. Lieu. Ser Lieu. Asp Ser Lys 
78s 79 O 79. 8OO 

Arg Glin Glu Ala Ser Arg Pro Asp Val Val Cys Cys Phe Ser Ser Arg 
805 810 815 

Asn Lieu Pro Pro Pro Llys Glin Lys Glu Gly Lieu Lleu Lieu. Cys Phe Phe 
82O 825 83 O 

Arg Lys Ile Tyr Thr Pro Phe Leu Lieu. His Arg Phe Ile Arg Pro Val 
835 84 O 845 

Val Lieu. Lieu. Lieu. Phe Lieu Val Lieu. Phe Gly Ala Asn Lieu. Tyr Lieu Met 
850 855 860 

Cys Asn. Ile Ser Val Gly Lieu. Asp Glin Asp Lieu Ala Lieu Pro Lys Asp 
865 87O 87s 88O 

Ser Tyr Lieu. Ile Asp Tyr Phe Lieu. Phe Lieu. Asn Arg Tyr Lieu. Glu Val 
885 890 895 

Gly Pro Pro Val Tyr Phe Asp Thir Thr Ser Gly Tyr Asn Phe Ser Thr 
9 OO 905 91 O 

Glu Ala Gly Met Asn Ala Ile Cys Ser Ser Ala Gly Cys Glu Ser Phe 
915 92 O 925 

Ser Lieu. Thr Gln Lys Ile Glin Tyr Ala Ser Glu Phe Pro Asn Glin Ser 
93 O 935 94 O 

Tyr Val Ala Ile Ala Ala Ser Ser Trp Val Asp Asp Phe Ile Asp Trp 
945 950 955 96.O 

Lieu. Thr Pro Ser Ser Ser Cys Cys Arg Ile Tyr Thr Arg Gly Pro His 
965 97O 97. 

Lys Asp Glu Phe Cys Pro Ser Thr Asp Thr Ser Phe Asn Cys Lieu Lys 
98O 985 99 O 

Asn Cys Met Asn Arg Thr Lieu. Gly Pro Val Arg Pro Thr Thr Glu Gln 
995 1OOO 1005 

Phe His Lys Tyr Lieu Pro Trp Phe Lieu. Asn Asp Thr Pro Asn Ile 
1010 1015 1 O2O 

Arg Cys Pro Llys Gly Gly Lieu Ala Ala Tyr Arg Thr Ser Val Asn 
1025 1O3 O 1035 
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Lieu. Ser Ser Asp Gly Glin Ile Ile Ala Ser Glin Phe Met Ala Tyr 
O4 O O45 OSO 

His Llys Pro Lieu. Arg Asn. Ser Glin Asp Phe Thr Glu Ala Lieu. Arg 
O55 O6 O O65 

Ala Ser Arg Lieu. Lieu Ala Ala Asn. Ile Thr Ala Glu Lieu. Arg Llys 
Of O O7 O8O 

Val Pro Gly Thr Asp Pro Asn Phe Glu Val Phe Pro Tyr Thr Ile 
O85 O9 O O95 

Ser Asn Val Phe Tyr Glin Glin Tyr Lieu. Thr Val Lieu Pro Glu Gly 
OO O5 10 

Ile Phe Thr Lieu Ala Lieu. Cys Phe Val Pro Thr Phe Val Val Cys 
15 2O 25 

Tyr Lieu. Lieu. Lieu. Gly Lieu. Asp Ile Arg Ser Gly e Luell ASn Luell 
3O 35 4 O 

Lieu. Ser Ile Ile Met Ile Lieu Val Asp Thir Ile Gly Lieu Met Ala 

Val Trp Gly Ile Ser Tyr Asn Ala Val Ser Lieu. e Asn Lieu. Wall 

Thr Ala Val Gly Met Ser Val Glu Phe Val Ser His Ile Thr Arg 

Ser Phe Ala Val Ser Thr Llys Pro Thr Arg Lieu. Glu Arg Ala Lys 

Asp Ala Thir Ile Phe Met Gly Ser Ala Val Phe Ala Gly Val Ala 
2O5 21 O 215 

Met Thr Asn Phe Pro Gly e Lieu. Ile Lieu. Gly Phe Ala Glin Ala 
22O 225 23 O 

Glin Lieu. Ile Glin Ile Phe Phe Phe Arg Lieu. Asn Lieu. Lieu. Ile Thr 
235 24 O 245 

Lieu. Lieu. Gly Lieu. Lieu. His Gly Lieu Val Phe Lieu Pro Val Val Lieu. 
250 255 26 O 

Ser Tyr Lieu. Gly Pro Asp Wall Asn Glin Ala Lieu Val Lieu. Glu Glu 
265 27 O 27s 

Lys Lieu Ala Thr Glu Ala Ala Met Val Ser Glu Pro Ser Cys Pro 
28O 285 29 O 

Gln Tyr Pro Phe Pro Ala Asp Ala Asn. Thir Ser Asp Tyr Val Asn 
295 3OO 305 

Tyr Gly Phe Asn Pro Glu Phe Ile Pro Glu Ile Asn Ala Ala Ser 
310 315 32O 

Ser Ser Lieu Pro Llys Ser Asp Gln Llys Phe 
3.25 33 O 

<210 SEQ ID NO 4 
<211 LENGTH: 30 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 4 

gcgggat.ccg aaccggtcca gct acaggta 3 O 

<210 SEQ ID NO 5 
<211 LENGTH: 32 
&212> TYPE: DNA 
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<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 5 

gcggaatticc ticgaggatgg gCaggtott C ag 

<210 SEQ ID NO 6 
<211 LENGTH: 26 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 6 

gcttct tccg caagatatac act coc 

<210 SEQ ID NO 7 
<211 LENGTH: 27 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 7 

gaggatgcag caatagccac atalagac 

<210 SEQ ID NO 8 
<211 LENGTH: 24 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 8 

tat citt coct ggttcc togaa cqac 

<210 SEQ ID NO 9 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 9 

cc.gcagagct tctgtgtaat co 

<210 SEQ ID NO 10 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 10 

cctic cc tatt coccaagatg tatgc 

<210 SEQ ID NO 11 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 
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<4 OO SEQUENCE: 11 

ggagaggcta titcggctatg ac 

<210 SEQ ID NO 12 
<211 LENGTH: 25 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 12 

ctgggctic cc ticttagaata accta 

<210 SEQ ID NO 13 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 13 

ggagaggcta titcggctatg ac 

<210 SEQ ID NO 14 
<211 LENGTH: 21 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 14 

Ctctgagc cc agaaag.cgaa g 

<210 SEQ ID NO 15 
<211 LENGTH: 23 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 15 

gaccagagcc tictt catcaa tdt 

<210 SEQ ID NO 16 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 16 

gagaatctgc gcttacgagg ga 

<210 SEQ ID NO 17 
<211 LENGTH: 32 
&212> TYPE: DNA 
<213> ORGANISM; artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OO SEQUENCE: 17 

gcgaatticta ttctggggg caaatacgta ga 
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